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(57) Abstract 

Use of a compound of general formula (I) or salt thereof 
wherein R and R 4 are independently selected from hydrogen, halogen 
and Ct-6 alky! or haloalkyl, Cj-s alkenyl or haloalkenyl, Cm, 
alkoxy, phenoxy, Ci-6 alkylthio, phenylthio, primary and secondary 
amino or hydroxy groups and R 3 is hydrogen, hydroxy, a Ct-6 
alkyl or haloalkyl, C 2 -6 alkenyl or haloalkenyl or Ci^ alkoxy or 
haloalkoxy group is provided for the manufacture of a medicament 
for the treatment of neoplasms, particularly solid cancerous tumours 
characterised in that R' is selected from a Cis alky] or haloalkyl 
group, -CO2R 5 where R 5 is hydrogen or a Cms alkyl or haloalkyl 
group, or a group -CH2-X where X is selected from groups of formula 
-S-R 6 , -O-R 6 , and (a) where R 6 is a hydrogen or a leaving group, the 
acid HR6 of which has a pKa of 10 or less and R 7 and R 8 are the same 
or different and are selected from Ci-6 alkyl or haloalkyl or together 
with the interjacent nitrogen form a heterocyclic ring of 5 to 7 atoms 
optionally substituted by Cm alkyl or haloalkyl and R 1 is selected 
from hydrogen, Cm alkyl and haloalkyl or groups-(CH 2 ) r ,CHR 9 R i0 
of more than four carbon atoms where n is an integer of 0 to 2 and 
R 9 and R 10 are independently selected from a Cm alkyl or haloalkyl 
group, or R 9 and R i0 together with the interjacent carbon atom form a 
or more Cm alkyl or haloalkyl, or C 2 . 4 alkenyl or haloalkenyl groups. 




3.7 cycloatkyl or cycloalkenyl ring optionally substituted with one 
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IN0OL0QUIN0NE DERIVATIVES AS BIOREDUCTIVE AGENTS 
Hie present invention relates to the use of a group of indoloquinones as therapeutic 
agents, particularly as bioreductively activated anti-tumour agents, to novel members of this 
group and compositions containing them and to methods of using these to treat tumours. 
5 Fused cyclopropamitosenes and closely related indoloquinones have recently been 

evaluated as novel bioreductive anticancer agents (references 1-3 below). These compounds 
were originally designed as analogues of the archetypal quinone bioreductive alkylating 
agent mitomycin C (Figure 1 herein; MMC, compound 1) having much reduced 
electophilicity at C-i due to the inertness of the 1 ^-cyclopropane compared to the aziridine 

10 in MMC. Certain indoloquinones (e.g. Figure 1; compound 2) in this series have been 
found to be highly potent cytotoxins as compared with MMC and in some cases have 
substantially higher hypoxic cytotoxicity ratios (HCR) (see references 2-3). The 
cyclopropamitosenes have been found to be more rapidly reduced by DT-diaphorase, an 
important activator of mitosenes, compared to MMC, but this could not explain fully the 

1 5 higher potency of the compounds compared to the current lead clinical agent of this type 
E09 (3), which is reduced two orders of magnitude more rapidly than compound 2 by 
DT-diaphorase (see WO 87/06227 = US 5097257). 

The presence of particular groups as the 5-substituent, in particular azhidines and 
substituted aziridines, and as the leaving group on the 3-methylene substituent was 

20 therefore identified as an important feature, both in terms of oxic and hypoxic potency and 
rate of reduction, i.e. ability to act as substrates for reductase enzymes. This does not vary 
greatly among 5 -aziridine and 5-methoxy drivatives (see references 2 and 6 below), but 
it should be noted that the relative rates of reduction of this type of compound by 
one-electron reductases, which will be important under hypoxic conditions, is unknown, 

25 and there is very little data on one electron reduction potentials of mitosenes. 

Ionic ring-opening of the fused cyclopropane is considered unlikely but radical ring 
opening of the cyclopropane to give a reactive H-atom abstractor has been suggested as 
a possible explanation for hypoxic potency in particular. There has however been no direct 
evidence for this mechanism. 

-I. 
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The present inventors have now designed and synthesized analogues of compound 2 
wherein inter alia (i) cyclopropane rings are included not fused to the indoloquinone ring 
system, (ii) lower alkyl eg. isopropyl analogues of these that are structurally very closely 
related to 2 but unable to undergo radical ring-opening reactions and (in) analogues 
5 containing no substituent, ie. where R^ is hydrogen. These derivatives have been designed 
as closer analogues of E09 with the aim of targeting and exploiting DT-diaphorase activity. 
Particularly desirable is the optimization of hypoxic-cytotoxicity by such modifications 
and this novel series of compounds offers many compounds of relatively high HCR. 

Some of the compounds used by the invention are disclosed in US patents 
1 0 US 3226397, US 3226398, US 3226399, US 3265698, US 32671 17 and US 3226385; all 
corresponding to the single UK patent application GB 1087325. The UK documents lists 
three hundred and fifteen examples of which twenty seven are specified as having 
anti-microbial activity. 

The compounds for the use of the present invention form a selection from the 
15 general formula of GB 1087325 and are those of the general class referred to in 
US 5097257 but distinguished therefrom by, inter alia, particular groups at R 1 and R 2 of 
the formula I below. The formula I, and particularly preferred members of that formula 
such as those of formula II, offer compounds with advantages of selective hypoxic and 
anoxic potency. 

20 Thus in a first aspect of the present invention there is provided the use of a 

compound of general formula I 




or a salt thereof 
wherein 
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R and R 4 are independently selected from hydrogen, halogen and alkyl or haloalkyl, 
C 2 . 6 alkenyl or haloaikenyl, C j _ 6 alkoxy, phenoxy, C j _ 6 alkylthio, phenylthio, primary 
and secondary amino or hydroxy groups and 

R 3 is hydrogen, hydroxy, a alkyl or haloalkyl, alkenyl or haloaikenyl or 
5 C]_ 6 alkoxy or haloalkoxy group for the manufacture of a medicament for the treatment 
of neoplasms, particularly tumours and more particularly cancer tumours, 
characterised in that 

R 1 is selected from aCj_ 6 alkyl or haloalkyl group, -C0 2 R 5 , where R 5 is hydrogen or a 
C] „ 6 alkyl or haloalkyl group, or a group -CH 2 -X, where X is selected from groups of 

10 ^ 

formula -S-R 6 , -O-R 6 and -IC where R 6 is hydrogen or a leaving group the acid HR 6 
118 

of which has a pKa of 1 0 or less and R 7 and R 8 are the same or different and are selected 
from Cj_ 6 alkyl or haloalkyl or together with the interjacent nitrogen form a heterocyclic 
i 5 ring of 5 to 7 atoms optionally substituted by a C j ^ alkyl group or haloalkyl 
and 

R 2 is selected from hydrogen, C M alkyl and haloalkyl and -(CH 2 ) n CHR 9 R 10 of more 
than four carbons where n is an integer of 0 to 2 and R 9 and R 1 0 are independently selected 
from a alkyl or haloalkyl group, or R 9 and R 10 together with the interjacent carbon 

20 atom form a C3.7 cycloalkyl or cycloalkenyl ring optionally substituted with one or more 
Cj_4 alkyl or haloalkyl, or C 2 ^ alkenyl or haloaikenyl groups. 

In a preferred use of the invention RisaC^ alkoxy, haloalkoxy, C 2 _4 alkenoxy 
or haloalkenoxy, phenoxy, Cj_ 6 alkylthio, phenylthio, primary or secondary amino or 
hydroxy group; R 3 is preferably hydrogen, hydroxy, a Cj.^ alkyl or haloalkyl, 

25 C 2-6 alkenyl or haloaikenyl or alkoxy group and R 4 is preferably hydrogen, halogen 
or a Cj_ 6 alkyl or haloalkyl, C 2 _4 alkenyl or haloaikenyl group. 

Preferred salts are suitable for direct adminstration to patients and thus are 
pharmaceutically or 'physiologically' acceptable salts. Such salts may be made with a 
compound described above and a physiologically acceptable acid or, where the compound 

30 contains a suitable negatively chargeable group, base. Thus salts may be formed with 
various inorganic and organic acids. Examples of these acids are phosphonic, nitric, 
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sulphuric, hydrohaiic, citric, oxalic, iurnaric, maieic, lactic, succinic, malic, tartaric and 
methane sulphonic acids. Preferred haiide salts are those of hydrochloric, hydrobromic or 
hydroiodic acid. Examples of bases are alkali metal hydroxides and quaternary ammonium 
hydroxides eg. 2-aniino-2-hydroxymethyl propane- 1, 3 -diol (Tris) salts. 
5 R is preferably selected from Cj^ aikoxy, Cj^ haloalkoxy, C 2 ^. alkenoxy, 

G 2 ^ haloalkenoxy and aziridin-l-yl groups, the aziridin-lyl groups being optionally 
substituted with C j alky 1, orC^ haloalky I or C 2 _4 alkenyl or C 2 ^ haloalkenyl. 

R 2 is preferably selected from Cj_4 n-alkyl or -haloalkyl groups or groups of 
formula -(CH 2 ) Q CHR 9 R 10 > where n is an integer from 0 to 2, where R 9 and R 10 are 
1 0 independently selected from C j ^ alkyl andCj^ haioalkyl or together with the interjacent 
carbon atom form a cycloalkyl or cycioalkenyl group optionally substituted with 
alkyl, Cj_4 haloalkyl, C 2 ^. alkenyl or C 2 _ 4 haloalkenyl. 
Preferably R 2 is a Cj^ n-, iso- or cyclo-alky! group, particularly a methyl or 
cyclopropyl group 5 - 

15 R 3 is more preferably selected from C 1-4 alkyl or haloalkyl and C 2 _4 alkenyl 

and haloalkenyl groups. 

R* is more preferably selected from hydrogen, Cj_4 alkyl and haloalkyl groups 
and most preferably is hydrogen. 

Particularly preferred compounds are those where R is aziridin-l-yl optionally 
20 substituted with C ] .4 alkyl or C|_ 4 haloalkyl or where R is C y .4 aikoxy. 

One group of preferred compounds are those where the group R* is selected from 
-CH 2 -0-R 6 and -CH 2 -S-R 6 where R 6 is hydrogen or where R 6 is an optionally 
substituted phenyl or benzyl group or a group -C(0)-R1 1 where R* * is an optionally 
substituted phenyl, benzyl or amino group; examples of such groups R 1 including aikoxy, 
25 aryloxycarbonyloxy, aryloxycarbonyloxy and carbamoyloyloxy. Optional substituents 
include halo, Cj.^ alkyl or haloalkyl, nttro and sulpho groups. Conveniently R^ is 
hydroxy methyl. 

Still more preferred compounds are those wherein R^ is a group -CH 2 X where X 

30 is -N"' wherein R 7 and R 8 , together with the interjacent nitrogen form a 5 to 7 membered 
N R8 

-4- 
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heterocyclic ring containing nitrogen and carbon with optional oxygen or sulphur members, 
e.g. piperazine, morpholine, thiomorpholine rings. More preferably the heterocyclic ring 
is a piperazinyl ring optionally substituted by one or more C alkyl or haloalkyl groups. 
It is particularly preferred that X is a 4-alkylpiperazin- 1 -yl group, eg. a 4-methylpir^erazine 
5 group. 

is most preferably a C alkyl group and is most preferably hydrogen. 
Particularly preferred compounds include those where R is aziridin-l-yl optionally 
substituted with Cj^ alkyl, eg. 2-methylaziridin- 1 -yl, R 2 is cyclopropyi or isopropyl or 
Cj_4 n-alkyl, R^ is methyl and R 4 is hydrogen. 
1 0 The most preferred compounds for the use of the invention are those which have a 

C 5 Q(Air)uM/C 5 Q(N2)uM ratio of 40 or more, still more preferably of 100 or more. No 
particular upper limit applies to preferred compounds as a relatively selective action against 
hypoxic or anoxic cells is desired. It is also preferred that the compounds have a hypoxic 
potency such that their C 5 q(N2) value is less than lOjiM, more preferably less than luM 
15 and most preferably less than 0.01 uM. Typically this is in the range 0.005 to 1 uM. 

Most preferred compounds are described herein as compounds 21, 54 and 84 of the 
Examples described below; the numbers being in brackets at the end of the example title. 

In a second aspect of the invention there are provided novel compounds falling 
within formula I above. Particular novel compounds of the invention are those of 
20 formula la below. Thus this second aspect of the present invention provides a novel 
compound of formula la 




or a salt thereof 
characterised in that 
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R is Cj„4 alkoxy or haJoaJkoxy or aziridin-l-yi optionally substituted with one or more 

C j_4 alkyl or haloalkyl groups, 

R 4 is hydrogen or a C j ^ alkyl or haloalkyl group, 

R 3 is hydrogen, hydroxy, Cj_ 6 alkyl or haloalkyl, C 2 _6 alkenyl or haloalkenyl or 
5 Cj_5 alkoxy or haloalkoxy, 

R 1 is -CO2R 5 where R 5 is a hydrogen or Cj _ 6 alkyl or haloaikyl group, or is a group 
-C%X where X is selected from -S-R 6 , -O-R 6 and -NR 7 R 8 where R 6 is hydrogen or a 
leaving group the acid HR 6 of which has a pKa of 10 or less and R 7 and R 8 are the 
same or different and are selected from Cj_g alkyl or haloalkyl or together with the 
1 0 interjacent nitrogen form a heterocyclic ring of 5 to 7 atoms optionally substituted by a C j . 
4 alkyl or haloalkyl group and 

R 2 is hydrogen or aC|^ alkyl group or a group -(CH2) n CHR 9 R i0 of more than four 
carbons where n is an integer of 0 to 2 and R 9 and R 10 are independently selected from 
Cj .4 alkyl and haloalkyl or R9 and Rl 0 together with the interjacent carbon atom form a 
15 C3..7 cycloaikylor cycloalkenyl ring optionally substituted with one or more C| _^ alkyl 
or haloalkyl or C 2 _4 alkyl or haloalkyl groups; 
with the provisos that 

(i) when R is methoxy, R 1 is hydroxymethyl or a carbamate or Cj_^ aliphatic ester 
thereof, R 4 is methyl or ethyl and R 3 is methyl, optionally 2-substituted ethyl, propyl or 

20 butyl, then R 2 is not hydrogen, methyl, fluoromethyl, chloromethyl or ethyl, 

(ii) when R is methoxy, R 4 is hydrogen, R 1 is hydroxymethyl or the propylcarbamate 
thereof and R 3 is ethyl, then R 2 is not methyl, 

(iii) when R is methoxy, R 2 is methyl, R 3 is ethyl and R 4 is methyl, then R 1 is not 
hydroxymethyl cyclohexylcarboxylate, benzoate, furanyl-2-carboxyIate, 3 -(2 -dimethyl - 

25 arninoethy l)-pipcrazinc- 1 -carboxy late, morphalinocarbamate, 4(3 -hydroxypropy i)- 
piperazinecarbamate or 4-(3^imemylaminopropyI)-piperazinecarbamate, 
and 

(iv) when R is aziridinyl or ethoxy, R* is hydroxymethyl or a carbamate or Cj_g aliphatic 
ester thereof, R 4 is methyl or bromo and R 3 is ethyl, then R 2 is not methyl. 
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Preferred novel compounds of the invention are those where R 1 is a hydroxymethyl 
group or a group -CH 2 -X as defined above. Most preferred novel compounds are those 
where R is aziridin-l-yi or 2-aIkyl-aziridin- 1 -yl, such as 2-methyl-aziridin-l-yI. 

R 3 is preferably Cj_4 aikyl or haloalkyl and R 2 is preferably n-Cj^ alkyl, 
5 isopropyl or C^.-j cycloalkyl. R 4 is preferably methyl or hydrogen, most preferably 
hydrogen. 

A third aspect of the present invention provides a novel compound of the second 
aspect of the invention or a physiologically acceptable salt thereof for use as a therapeutic 
agent. 

10 A preferred use as therapeutic agent as provided by this invention is for the treatment of 
tumour cells, and most preferably the use is that which adminsters the compound in 
treatment also comprising radiation treatment, e.g. with therapeutic radiation such as 
X-rays, y-rays and electrons from an accelerator, e.g. linear accelerator. The use of the 
compound with radiation is particularly effective for achieving cytostasis and/or death of 

15 tumour cells, particularly of cancer cells. Most preferably the use is aimed at providing 
cytotoxicity of anoxic tumour ceils, ie. those relatively poorly supplied with blood. 

Particularly the use is aimed at providing cytotoxicity towards hypoxic and anoxic 
tumour cells which, at the time of treatment, exist at an oxygen tension of less 
than 7.6 mm Hg of 0 2 (1%). 

20 A fourth aspect of the present invention provides compositions comprising a novel 

compound of the second aspect of the invention or a pharmaceutically acceptable salt 
thereof together with a pharmaceutically acceptable carrier. Compositions will preferably 
be provided as discrete dosage units and packs thereof, e.g. in a form suitable for parenteral 
or oral adminstration. Other suitable dosage unit forms will occur to those skilled in the art 

25 A fifth aspect of the present invention provides a method of treating a human or 

animal body for the purposes of killing, and/or preventing growth of, tumour cells 
comprising administering a medicament manufactured with the compound of the first 
aspect of the invention, or a pharmaceutically acceptable salt thereof, to the body in a dose 
sufficient to kill or prevent growth of some or all of the tumour cells. 
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Preferred methods of the fifth aspect are for treating hypoxic and anoxic tumour 
cells, particularly cancer cells. It will be realised that the treatment will usually include 
killing of oxic cells, but that in preferred forms the ratio of such cells killed as compared 
with anoxic or hypoxic cells will be relatively low. 

5 A still more preferred method of the fifth aspect comprises administering the 

medicament manufactured with the compound or salt of the first aspect to the body within 
a set period of treatment of the body with doses of radiation, the doses of radiation being 
sufficient to kill or prevent growth of some or all of any oxic tumour cells eg. those 
relatively well supplied with blood. This combination treatment allows targeted radiation 

10 to be used to damage and/or kill the oxic tumour cells while the systemically adminstered 
compound of the invention is used to damage or kill the hypoxic and anoxic cells 
selectively, thus causing reduced peripheral damage to healthy non-tumour cells. 

The compounds of the present invention are of the indoloquinone class and as such 
will have application in treatment of tumours such as those vulnerable to mitomycins and 

15 the compounds disclosed in US 5079257. These include all solid tumour types, for 
example cervical, breast, pancreatic and prostatic adenocarcinoma, colon, bladder, 
gastro-intestinal cancers and melanomas. Such tumours may exist in an area of hypoxia 
and contain the reductive enzymes necessary to activate the agents for the use of this 
invention. 

20 A sixth aspect of the invention provides novel compounds that have utility as 

intermediates for use in the preparation of a compound of the first aspect -of the invention, 
these intermediates being novel compounds as described in the Figures 2 to 5 and the 
Examples 1 to 49. 

Particularly preferred novel intermediates are those of formula II below 

R1 

Formula II 

N 
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wherein R is C M alkoxy, R 1 is C 14 aikoxycarbonyl and R 2 ,R 3 and R 4 are as for 
formula ia. It will be realised that some of these compounds will also be compounds of the 
first aspect of the invention but, where these have an HCR of less than 40, and particularly 
have an HCR of less than 10, their main interest will be as intermediates for use in 

5 synthesis of the more preferred compounds. In this respect the 5 -alkoxy compounds will 
usually have a less favourable efficacy and HCR ratio than the corresponding aziridinyl 
compounds and thus their prime use will be as intermediates. Preferred intermediates are 
those where R is methoxy, R 1 is methoxycarbonyl and R-* is methyl. 

A seventh aspect of the present invention provides a process for preparing 

1 0 compounds of formula la and II . 

In a first preferred process of this aspect there is provided a process for preparing 
an optionally substituted aziridin-I-yl compound of formula II where R 1 is alkoxycarbonyi 
comprising reacting a corresponding 2-substituted-3-alkoxycarbonyi-5-alkoxy-l-alkyl- 
indole-4,7-dione with an optionally substituted aziridine. 

15 In a second preferred process for preparing a compound of formula la where R* is 

a hydroxymethyl group a corresponding 2-subs1ituted-3-alkoxycajrbonyl-5-alkoxy- 1 -alkyi- 
indole-4,7-dione is reacted with an oxidising reagent, such as Na 2 $204, then the resultant 
hydroquinone is reduced, e.g. with DIBAL-H, to the product. 

For all aspects of the present invention halo is preferably fiuoro or chloro. 

20 The compounds, compositions, use, methods and intermediates of the invention will 

now be described by way of illustration only by reference to the following non-limiting 
Figures and Examples. Further embodiments of the invention will occur to those skilled in 
the art in the light of these. 
Figures. 

25 Figure 1 : Shows the chemical structure of some known compounds referred to in the 
specific description above as compounds 1 to 5. 

Figure 2: Shows the outline of the synthetic route used to prepare compounds 10, 1 1, 12 
and 27, 28, 29 referred to herein. 
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Figure 3: Shows the outline of the synthetic route used to prepare compounds 13 to 42 
referred to herein. 

Figure 4: Shows the outline of the synthetic route used to prepare compounds 47 to 57 
referred to herein. 

5 Figure 5: Shows the outline of the synthetic route used to prepare compounds 58 to 66 
referred to herein. 

Figure 6: Is a graph plotting mean relative surviving RIF-1 tumour cell fraction against a 
a varying dose of compound 21 alone and against varying dose of compound 21 
adminstered after 15 GY of radiation. The surviving fraction after 15 GY radiation alone 
1 0 is shown by a fiat line. 

Figure 7: Is a graph plotting mean relative surviving RIF-1 tumour cell fraction under 
conditions as set out for Figure 6 but using compound 54 as test compound. 

Figure 8: Is a graph plotting mean relative surviving KHT tumour cell fraction against a 
15 varying dose of compound 21 alone and against a varying dose of compound 21 
adminstered after 10 GY of radiation. The surviving fraction after 10 GY radiation alone 
is shown by a flat line. 

Figure 9: Is a graph plotting mean relative surviving KHT tumour cell fraction under 
20 conditions as set out for Figure 8 but using compound 54 as test compound. 

Definitions of the groups used in the Figures can be found in the text of Examples below 
and in the Figures themselves. 
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EXAMPLES 

General methods for preparation of compounds 18 to 84: 

2- Alky 1 and cycloalkyl substituted indoles were synthesized in 14 steps from the 
common precursor 3-chlorophenol as shown in Figure 2 and 3. The crucial step was the 
5 1 ,5-electrocyclisation of the imine (e.g. compound 8) to the 2,3-dmydroindole 

derivatives, which was successfully carried out using isobutyraldehyde, cyclohexane 
carboxaldehyde or cyclopropane carboxaldeyde, but not with acrolein in a proposed 
alternative route, using zinc acetate in methanol as has been employed in the synthesis 
of E09 via a 2-acrylate derivative in WO 87/06227. Nitration at the desired 4-position 

1 0 could be achieved only subsequent to the N-methylation step in order to avoid 

increasing yields of the 6-nitro isomer. The subsequent 6 steps, including nitration, 
oxidations (DDQ and Fremy's salt) and reductions (Sn/HCI, LiAliH^, Na2S2C>4 and 
DIBAL-H) left the 2-cyclopropyl moiety intact and the desired indoloquinones were 
obtained. Substitution of the 5-methoxy substituent was successful in high yielding 

1 5 reactions with aziridine and 2-methylaziridine. 

Comparable 1,2-dimethyl analogues 52-56 were synthesised from commercially 
available 2-methyl-5-methoxyindole in 7 steps (Figure 4 ). Substitution of the 
5-position with aziridine and 2-methylaziridine was again succcessful in high yield, as 
was the cw-2,3-dimemylaziridine. However 2,2-dimethylaziridine reacted with 

20 difficulty and the resulting 5-(2,2-dimemyiaziridinyl) analogue was unstable in aqueous 
solution and on silica gel, ring-opening via an S^jl mechanism to give 57. The 
2-unsubstituted analogues 62-66 were obtained in 6 steps from 5-methoxyindoIe-3- 
carboxaldehyde (Figure 5). 

NMR spectra were obtained at 90 MHz with a JEOL FX90Q spectrometer 

25 using SiMe4 as internal standard. Elemental analyses were determined by 

Butterworth Laboratories Ltd., Teddington, Middlesex, U.K. Solutions in organic 
solvents were dried by treatment with MgS0 4 or Na 2 S0 4 and filtration. 
Dichloromethane (CH 2 Cl2) was dried over calcium chloride and passed through neutral 
alumina prior to use. Dimethylformamide (DMF), toluene and tetrahydrofuran (THF) 

30 were anhydrous commercial grades. Silica gel for flash column chromatography was 
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Merck grade (230-400 mesh). Melting points were determined on a Thomas Hoover 
melting point apparatus and on a Thermogallen Microscope and Hot Stage Apparatus 
and are uncorrected. Stereochemically pure cw-2,3-dimethyiaziridme and 2,2-dimethyl- 
azLridine were synthesized from the appropriately substituted 2-aminoethanols by 
5 Osulfation and elimination with KOH according to the methods of Dickey et at 
(see reference 19). Fused cyclopropamitosenes 4 and 5 were synthesized as described 
by Cotterili et al (see reference 1) and O'SulIivan (see reference 20). Starting materials 
2-chlorophenol, 5-methoxy-2-methylindole and 5-methoxyindole-3-carboxaidehyde 
were all purchased from Sigma- Aldrich Chemical Company. 

10 Example !: Preparation of 2-CyclopropyI-3-methoxycarbonyI-5-methoiy-l- 
methyHndole-4,7-dione (18) by reactions (v) to (xvii) of Figure 2, 
(a) Diethyl S-Methoxy-2-nitrophenyinialonate (6) 

A solution of 17 g (0.064 mol) of ethyl 5-methoxy-2-nitrophenylcyanoacetate, 
prepared in 4 steps from 3-chlorophenyl as described by Speckamp and Oostveen 
1 5 (WO 87/06227), in EtOH ( 1 00 mL), was saturated with HCi gas on cooling in an 

ice/salt bath. The solution was stirred for 2 days and then ice-water ( 1 00 mL) added and 
the solution stirred for a further 24 hours at 4°C before the crystalline solid formed was 
collected by filtration, dried and recrystallized from EtOH to give 17 g (85%) of 6 as a 
white solid: mp 92-93 °C (Lit. (Reference 4 ) 92-93 °C). 

20 (b) 2-CyclopropyI-33-diethoxycarbonyl-23-dihydro-5-methoxyindole (9). 

Compound 6 (5.0 g, 16.1 mmol) was dissolved in a mixture of toluene (62.5 mL) and 
EtOH (3.75 mL) and reduced with H 2 at atmospheric pressure over Pt0 2 (75 mg) 
catalyst. After 7 hours at room temperature the solution was filtered through Celite and 
evaporated to dryness BELOW 30 °C, and the resulting pale green oil (7) dissolved 
25 immediately in MeOH (75 mL). To this methanolic solution was added cyclopropane 
carboxaldehyde (1.3 g, 18.6 mmol) dissolved in MeOH (10 mL) and the solution 
stirred for 1 5 minutes. The resulting solution of imine 8 was treated in situ with 
Zn(0Ac) 2 .2H 2 O (1 . 1 3 g, 5. 1 5 mmol) and stirred for 1 8 hours at room temperature. 
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The solution was evaporated to dryness at 30°C, HC1 (2.0 M, 50 mL) added and 
extracted with CH 2 C1 2 (2 x 1 50 mL), washed with sat. NaHC0 3 (aq., 150 mL), 
sat. NaCl (aq., 100 mL), dried and evaporated. The residue was purified on silica, 
eluting with hexane/EtOAc (1:1, Rf=0.75) to give 9 (3 .3 g, 68%) as a yellow oil: 
5 1 H-NMR (CDC1 3 ) 6 0.48-0.52 (m, 4H, 2 x cyclopropyl-C// 2 ), 1 .03-1.08 (m, 1 H, 
cyciopropyl-fl), 1 .2 (t, 6H, J=7.2 Hz, CU 2 CH 3 ), 1 .3 (t, 6H, J=7.2 Hz, CH 2 C// 3 ), 
3.75 (s, 3H, Ci/ 3 Q-), 3.85 (d, 1H, J=2.7 Hz, 2-H), 4.1-4.35 (m, 4H, C// 2 CH 3 ), 
6.63 (s, 1H, Ax-4H), 6.71 (d, 1H, J=1.5 Hz, Ar-6/f) and 7.03 (d, 1H, J=1.5 Hz, Ai-7H). 

(c) l-AcetyI-2-cyclopropyI-33-dierhoxycarbonyl-23-dihydro-5-niethoxyindole 

10 (10), 

Compound 9 (3.0 g, 10 mmol) was dissolved in Ac 2 0 (5 mL) and stirred for 3 hours at 
room temperature. The anhydride was then evaporated in vacuo and the residue purified 
on silica, eluting with hexane/EtOAc (2:1, Rf=0.4) to give a pale yellow oil which was 
redissolved in Et 2 0 and evaporated. Trituration of the resulting oil with Et 2 0 gave a 
1 5 white solid which was collected by filtration and washed with cold Et 2 0 to give 10 
(3.0 g, 87%) as a white solid: mp 104-105°C; 1 H-NMR (CDC1 3 ) 5 0.5-0.57 (m, 4H, 
2 x cycIopropyi-C# 2 ) s 1.0-1.15 (m, 1H, cyclopropyl-H), 1.2 (t, 3H, J=7.2 Hz, 
CH 2 Gtf 3 ) 5 1 .3 (t, 3H, J=7.2 Hz, CH 2 C# 3 ), 3.81 (s, 3H, CH^O-), 4.05-4.3 (m, 4H, 
CH 2 CH 3 ), 4.5 (d, 1H, J=2.7 Hz, 2-H) and 6.9-7.2 (m, 3H, Ar-4,6,7/f>. 

20 (d) 1 -Aceryl-3-carboxy-2-cyclopropyl-23-dihydro-5-niethoxyindole (1 1). 

The acetyiindole 10 (1 .0 g, 2.9 mmol) was dissolved in EtOH (10 mL) and cooled to 
0*C in an ice-salt bath, and a cold (0*C) solution of KOH (aq., 10%, 10 mL) was added. 
The solution was stirred at -5°C for 4 hours and then for 1 8 hours at 4°C. The solution 
was poured onto ice/water (25 mL) and washed with Et 2 0. The aqueous layer was 

25 then acidified with 2.0 M HC1 and extracted with CHCI3 (6 x 50 mL), dried and 

evaporated to give 0.68 g (97%) of 11 as a yellow oil (Rf=0.45, Me 2 CO), which 
was used in the next step without further purification; 1 H-NMR (CDC1 3 ) 5 0.5-0.7 
(m, 4H, 2 x cyclopropyl-C// 2 ), 1.25-1.4 (m, 1H, cyclopropyl-//), 2.33 (s, 3H, COC# 3 ), 
3.78 (s, 3H, CH 3 0-), 3.85 (br, 1H, 2-H), 4.5 (br s, 1H, 2-H), 6.9-7.0 (m, 2H, Ar-4,6//), 

30 8.05-8.15 (m, 1H, Ar-7//) and 10.81 (s, 1H, C0 2 H). 
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(e) Methyl 1 -acetyl-2-eyclopropy I-2^-dihydro-5-metho^iadoIe-3-carboxylate 
(12). 

To a solution of 11 (0.68 g, 2.8 mmol) in DMF (10 mL) was added K 2 C0 3 
(0.83 g, 6 mmol) and (MeO) 2 S0 2 (2 g, 15.8 mmol) and the solution stirred at room 
5 temperature for 4 hours. The solution was then poured onto HC1 (2.0 M, 20 mL) and 
extracted with CHC1 3 (4 x 25 mL), washed with sat. NaCl, dried and evaporated. The 
residue was purified on silica, eluting with EtOAC/hexane (1:2, Rf=0.7 (EtOAc)) to 
give a pale yellow oil of 12 (0.7g, 98%), which solidified on standing; 1 H-NMR 
(CDCI3) 8 0.58-0.64 (m, 4H, 2 x cyclopropyl-C/7 2 ), 1.25-1.33 (m, 1H, 
1 0 cyclopropyl-tf), 2.33 (s, 3H, COC//3), 3.68 (s, 3H, C0 2 Ctf 3 ), 3.79 (s, 3H, C//3O-), 
3.85 (br, 1H, 3-H), 4.54 (br, 1H, 2-H), 6.78-6.95 (m, 2H, Ar-4, 6H) and 8.2 (br s, 1H, 
Ar-7#). 

(i) Methyl 1 -ace tyI-2nryclopropyl-5-methoxyindole-3-carboxy late (13). 

A solution of 12 (1 .0 g, 4 mmol) was stirred under reflux with DDQ (0.96 g, 4.2 mmol) 
1 5 in toluene ( 1 2.5 mL) for 7 hours. The DDQH 2 was removed by filtration and the 
filtrate evaporated in vacuo. The residue was purified on silica, eluting with 
hexane/EtOAc (1:1, Rf=0.7) to give 13 (0.88 g, 87%) as a pale yellow oil; 1 H-NMR 
(CDCI3) 8 0.73-0.79 (m, 2H, cyclopropyl-C// 2 ), 1.22-1.3 (m, 2H, cyciopropyl-C// 2 ), 
2.15-2.25 (m, 1H, cyclopropyl-/f), 2.83 (s, 3H, COCi/3), 3.86 (s, 3H, C0 2 C# 3 ), 
20 3.97 (s, 3H, CH 3 0~) t 6.99 (dd, 1H, J=2.7 and 9 Hz, Ar-6tf), 7.5 (d, 1H, J=2.7 Hz, 
Ar-4//) and 7.96 (d, 1H, J=9 Hz, Ar-7/f). 

(g) Methyl 2-cyclopropyi-5-methoxytadQle-3-carboxylate (14). 

A solution of 13 (0.88 g, 3.46 mmol) in KOH (4% in MeOH, 50 mL) was stirred at 
room temperature for 1 .5 hours, neutralized with 6.0M HC1 and extracted with EtOAc 
25 (3 x 25 mL). The organic layer was washed with H 2 0 (50 mL), dried and evaporated to 
give 14 (0.51 g, 70%) as a white solid: mp 128-1 3 1°C; 1 H-NMR (CDCI3) 8 0.82-0.92 
(m, 2H, cyclopropyl-C// 2 ), 1.05-1.2 (m, 2H, cyclopropyl-C# 2 ), 2.2-3.0 (m, IH, 
cyclopropyl-//), 3.85 (s, 3H, C0 2 C# 3 ), 3.95 (s, 3H, C//3O-), 6.79 (dd, 1H, J=2.7 
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and 9Hz, Ar-6//), 7-22 (d, 1H, J=6.3 Hz, Ar-7/7), 7.58 (d, 1H, J=2.7 Hz, Ar-4//) and 
8.2 (brs, 1H, N//). 

(h) Methyl 2-cyclopropyl-5-methoxy-l-methylindole-3-carboxylate (15). 
Compound 14 (9.0 g, 42.6 mmoi) was added under argon to a stirred suspension of 

5 NaH (6.0 g, 0. 1 3 mol) in DMF (i 50 mL). The solution was heated at 45 °C for 

0.5 hours, cooled to 0-10°C and Mel (33 mL, 0.23 mol) added. The solution was then 
gradually heated to 60 °C and stirred at this temperature for 1 hour, cooled and poured 
onto cold (0°C) NaHS0 4 (aq., 10%, 500 mL) and extracted with EtOAc (5 x 75 mL). 
The organic extracts were washed with sat. NaCl (150 mL), dried and evaporated. The 

1 0 residue was purified on silica, eluting with EtOAc/hexane (1 :2, RrM).45) to give 15 
(8.3 g, 86%) as a pale yellow waxy solid; ] H-NMR (CDCI3) 8 0.77-0.84 (m, 2H, 
cyclopropyl-C// 2 ), 1 .2 1 -1.29 (m, 2H, cyclopropyt-Cf/ 2 ), 1 -85-2.05 (m, 1 H, 
cyclopropyl-//), 3.8 (s, 3H, C//3N-), 3.86 (s, 3H, C0 2 C// 3 ), 3.9 (s, 3H, C//3O-), 
6.86 (dd, 1H, J=2.7 and 9 Hz, M-6H), 7.23 (d, 1 H, 3=9 Hz, Ar-7//) and 7.62 (d, 1H, 

15 J=2.7Hz,Ar-4#). 

(i) Methyl l-methyl-2Kyclopropyl-5-methoxy^nitroindole-3-carboxylate (16). 
To a solution of 15 (8.0 g, 34.66 mmol) in AcOH (1 50 mL) cooled to 0°C, was added 
dropwise a cold (0°C) mixture of f.HN0 3 (27 mL) in AcOH ( 1 00 mL). The solution 
was stirred for 3 hours while allowing to reach room temperature, and then poured onto 

20 300 g of crushed ice and after 1 5 minutes stirring the resulting yellow solid collected by 
suction filtration. The dried residue was purified on silica, eluting with EtOAc/hexane 
(1:1, Rf=0.45) to give 7.5 g (71%) of 16 as a yellow solid, recrystallised from EtOAc: 
mp 129-131 °C; ! H-NMR (CDCI3) 6 0.74-0.81 (m, 2H, cyclopropyl-C// 2 ), 1.22-1.3 
(m, 2H, cyclopropyl-C# 2 ), 1.85-2.05 (in, 1H, cyclopropyl-//), 3.8 (s, 3H, C/^N-), 

25 3.81 (s, 3H, C0 2 C// 3 ), 3.89 (s, 3H, C//3O-), 6.94 (d, 1H, J=9 Hz, Ar-7/f) and 
7.32 (d, 1H, 3=9 Hz, Ar-6#). 
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(|) Methyl 4-ainin(>-2-cyclopropyl-5>methoxy-l-methyiindole-3-carboxylate (17). 

To a suspension of 2.5 g (9.25 mmol) 16 in EtOH (180 mL) were added tin powder 
(5.25 g, 44.2 mmol) and HC1 (3.0 M, 70 mL) and the solution stirred at room 
temperature for 1 hour. The solution was then decanted from the excess tin and 
5 neutralized with sat. NaHCO} (aq.) and the resulting red suspension added to an equal 
volume of H 2 0 and extracted with CHC1 3 (5 x 50 mL) and then EtOAc (5 x 50 mL) 
and the combined extracts evaporated. The residue was purified on silica, eluting with 
EtOAc/hexane (1:1, Rf=0.5) to give 17 (2.2 g, 87%) as a white solid which was used 
immediately in the next step: mp 49-50 °C; 2 H-NMR (CDCI 3 )5 0.65-0.72 (m, 2H, 
10 cyclopropyl-C# 2 ), 1.22-1.3 (m, 2H, cyclopropyl-C// 2 ), 1.8-1.9 (m, 1H, cyciopropyl-/7), 
3.73 (s, 3H, GF/3N-), 3.85 (s, 3H, C0 2 C// 3 ), 3.9 (s, 3H, C//3O-), 5.6 (br s, 1H, N# 2 ), 
6.5 (d, 1H, J=9 Hz, Ax-IH) and 6.9 (d, 1H, J=9 Hz, Ar-6//). 

(k) 2-C^clopropyl-3-methoxy carbonyl-5-methoxy- 1-metby lindole-4,7-dione (18). 

To a solution of 17 (2.0 g, 7.2 mmol) in Me-jCO (250 mL) was added a solution of 
1 5 potassium nitrosodisulfonate ((KS0 3 ) 2 NQ, Fremy's salt, 9.7 g, 36.2 mmol)) in 

NaH 2 P0 4 /Na 2 HP0 4 buffer (250 mL, 0.3 M, pH 6.0) and the solution stirred at room 
temperature for 1 hour. The Me 2 CO was removed in vacuo and the resulting orange 
precipitate collected by suction filtration, washed with H 2 0 and dried in a vacuum oven 
at 45 °C to afford 18 as an orange solid, recrystallized from EtOAc: mp 169-1 70°C; 
20 l H-NMR (CDCI3) 5 0.69-0.77 (m, 2H, cyclopropyl-C// 2 ), 1.1-1.2 (m, 2H, 

cyclopropy!-Ctf 2 ), 1.48-1.58 (m, 1H, cyciopropyl-if), 3.80 (s, 3H, C//3N-), 3.90 (s, 3H, 
C0 2 C// 3 , 4.01 (s, 3H, C//3O-) and 5.64 (s, 1H, 6-H). Anal. C; 62.06, H; 5.20, N; 
4.71%, Qj| c (C 15 H 15 N0 5 ) C; 62.28, H; 5.19, N; 4.84%. 

F.yq 2: 5-( Aziridin-l-vlV2-cvcloproDvl-3-methoxvcarbopvl-l-methvlindole- 
25 4.7-dione (19 1 hv reaction fxviin of Figure 2. 

Compound 18 (0.29 g, 1 mmol) was dissolved and stirred in freshly redistilled 
l(H)-aziridine (3 mL, ca.70 mmol, CAUTION!) for 1 hour, evaporated in vacuo and 
the residue redissoived in EtOAc. The solvent was then partially evaporated until a red 
precipitate appeared. The red solid was then collected by suction filtration and 
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recrystallized from EtOAc to afford 19 (0.25 g, 83%) as a red solid: mp 138-140 & C; 
! H-NMR (CDC1 3 ) 5 0.65-0.72 (m, 2H, cyclopropyl-C// 2 ), 1.2-1.35 (m, 2H, 
cyclopropyl-C// 2 ), 1.7-1.8 (m, 1H, cyclopropyl-tf), 2.18 (s, 4H, 2 x azk-CH 2 ), 3.92 
(s, 3H, C//3N-), 3.99 (s, 3H, C0 2 CH 3 and 5.77 (s, 1H, 6-H). Anal. C; 63.60, H; 5.41, 
5 N; 9.33%, Calc. (C 16 H 16 N 2 0 4 ) C; 64.00, H; 5.33, N; 9.33%. 

Example ?: 2-CvcioproDv1-3»hvdroxvmethvl-5-methoxv-l-mcthvHndole-4.7-dione 

QQ) try reaction Oris) ofFigqrc 2, 

To a solution of 18 (0.3 g,l .03 ramol) in CHCI3 (30 mL) and EtOH (1 1 mL) was added 
a solution ofNa 2 S 2 0 4 (2.1 g, 12 mmol) in H 2 0 (13 mL). The solution was stirred at 

10 room temperature for 0.5 hour and the organic layer separated, washed with sat. NaCl 
(50 mL), dried and evaporated. The crude hydroquinone was then dissolved in 
anhydrous CH 2 C1 2 (30 mL) under argon and cooled to -30°C, and DIBAL-H (5 mL of 
a 1 .5 M solution in toluene) added dropwise such that the solution temperature remained 
BELOW -30°C. The solution was then allowed to reach 0°C and stirred for 2.5 hours 

15 at this temperature, and a solution of FeCl 3 (9 mL, 1.0 M (0. 1 M HC1» added. The 
solution was stirred for 10 minutes at 0°C and then CHC1 3 (150 mL) and H 2 0 
(150 mL) added. The aqueous layer was extracted with CHCI3 (5 x 50 mL) then EtOAc 
(5 x 50 mL) and the combined organic phases washed with sat. NaCl (250 mL), dried 
and evaporated. The residue was purified on silica, eluting with EtOAc (Rf=0.5) to give 

20 20 as an orange solid after recrystallization from EtOAc (1 25 mg, 47%): 
mp 200-202 °C; ! H-NMR (CDCI3) 6 0.71-0.82 (m, 2H, cyclopropyl-C// 2 ), 
1.2-1.33 (m, 2H, cyclopropyl-C# 2 ), 1.61-1.71 (m, 1H, cyclopropyl-//), 3.81 (s, 3H, 
CH3N-), 3.98 (s, 3H, C//3O-), 4.0 (br s, 1H, CH 2 0//), 4.69 (br d, 2H, Ctf 2 OH) and 
5.64 (s, 1H, 6-H). Anal. C; 64.00, H; 5.66, N; 5.12%, Calc. (C 14 H 15 0 4 ); C; 64.36, 

25 H; 5.75, N; 5.36%. 
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Example 4: S-rA2aridin-l-vl>-2-cvcloDropvl-3-hvdroyvmethvl-1 -mcthvlindole-4.7- 
dione (211 bv reaction (xx) of Figure 2. 

Compound 20 (0.1 g, 0.38 mmol) was dissolved and stirred in freshly distilled 
(CAUTION!) l(H)-aziridine (3 mL, ca. 70 mmol) for 0.75 hour, evaporated in vacuo 
5 and the residue redissolved in EtOAc, evaporated until a red precipitate appeared and 
the solid collected. The red solid was recrystailized from EtOAc to give 21 ( 80 mg, 
77%): mp 177-179.5 °C; *H~NMR (CDCI3) 5 0.7-0.8 (m, 2H, cyclopropyl-C// 2 ), 
1.22-1.3 (m, 2H, cyclopropyl-C# 2 ), 1.6-1.7 (m, 1H, cyciopropyl-fl), 2.18 (s, 4H, 
2 x &ar-CH 2 )> 3-97 (s, 3H, C//3N-), 4.73 (s, 2H, CH 2 0¥[) and 5.77 (s, 1H, 6-H). 
10 Anal. C; 66.35, H; 5.61, N; 10.26%, Calc. (Ci 5 H I6 N 2 0 3 ) C; 66.18, H; 5.88, 
N; 10.29%. 

Example 5; 2-CvcloDroDvl-3-hvdroxvinethvl-5-(2-methvlazmdin-l-vlVl-methvir 
indole-4J^io||e (22) fry reaction f]n) of Figm 2, 

Compound 20 (0.1 g, 0.38 mmol) was dissolved and stirred in freshly distilled 
1 5 2-methylaziridine (3 mL, ca. 50 mmol) for 2.5 hours, he solution was evaporated 
in vacuo and the residue redissolved in EtOAc, evaporated until a red precipitate 
appeared and the solid collected. The red solid was recrystailized from EtOAc to give 
22 ( 85 mg, 78%): mp 130-1 3 1°C; *H-NMR (CDCI3) 8 0.68-0.74 (m, 2H, 
cyclopropyl-CH 2 ), 1.08-1.2 (m, 2H, cyclopropyl-C// 2 ), 1.42 (d, 3H L J=4.5 Hz, 
20 a2i-Ci7 3 ), 1 .5-1 .6 (re, 1H, cyclopropyl-#), 2.01-2.1 5 (m, 3H, 22k~CHCH 2 \ 

3.97 (s, 3H, C//3N-), 4.73 (s, 2H, C// 2 OH) and 5.74 (s, 1H, 6-H). Anal. C; 67. 12, 
H; 6.04, N; 9.57%, Calc. <C| 6 H 18 N 2 0 3 ) C; 67.13, H; 6.29, N; 9.79%. 

Exam ple 6: 2-Cvciopropvl-S-ntethoxv-l-methvl-3-lffphenoxvcarhonvl)oxvlwgtl l Y » 
inriole-4.7-dione (23> fav reaction (xxi) of Figure 2, 
25 To a solution of 20 (0. 1 g, 0.38 mmol) in anhydrous pyridine (6 mL) at 0°C, was added 
dropwise phenylchloroformate (0. 1 g, 0.64 mmol) and the solution then allowed to 
reach room temperature and stirred for 2 hours. The solution was then extracted with 
CH 2 C1 2 (25 mL) and washed with H 2 0 (25 mL) and sat. NaCl (25 mL), dried and 
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evaporated. The residue was purified on silica, eluting with EtOAc (Rf=0.75) to give 23 
as an orange solid: mp 1 36-1 39°C; 1 H-NMR (CDCI3) 8 1 .02-1 . 1 8 (m, 2H, 
cyclopropyl-C// 2 ), 1.21-1.28 (m, 2H, cyclopropyl-C// 2 ), 1.78-1.88 (m, 1H, 
cyclopropyl-tf), 3.79 (s, 3H, C//3N-), 4.01 (s, 3H, C//3O-), 5.27 (s, 2H, C# 2 OCOPh), 
5 5.51 (s, 1H, 6-H) and 7.15-7.3 (m, 5H, Ar). 

Example 7: ^-rvclopronvl-?»-methoTv-l-methvkVKcarfaamovloxv)methv!l indoie- 
4/MifHW (?4) reaction friifl of Figure 2. 

The phenylcarbonate 23 (0.3 g, 0.78 mmol) was dissolved in anhydrous CH 2 C1 2 
(38 mL) and the solution cooled to -78 °C. The solution was then saturated with NH3 

1 0 and stirred at 78 °C until reaction was complete (ca. 2 hours). The solution was then 
allowed to reach room temperature and evaporated in vacuo. The residue was 
redissolved in CH 2 C1 2 (100 mL) and washed with H 2 0 (2 x 100 mL) and sat. NaCl 
(50 mL), dried and evaporated, and the residue recrystallized from EtOAc to afford 
220 mg (92%) of 24 as an orange solid: mp 240-242 °C (dec.); 1 H-NMR (CDCI3) 

15 6 1.02-1.13 (m, 2H, cyclopropyl-C# 2 ), 1.22-1.26 (m, 2H, cyclopropyl-Ci/ 2 ), 
1.51-1.55 (m, 1H, cycloptopyl-Zf), 3.78 (s, 3H, C//3N-), 3.99 (s, 3H, CH 3 0-), 
4.79 (br s, 2H, N# 2 ), 5.3 (s, 2H, C// 2 OCONH 2 ) *«d 5.62 (s, 1H, 6-H). 
Anal. C; 59.42, H; 4.88, N; 8.86%, Calc. (C I5 H 16 N 2 0 5 ) C; 59.21, H; 4.88, N; 9.21%. 

F.Tample S: 5-fAadrHii-^ - 

20 ta^MJ-dione f2?T> bv reaction fxxiii> of Figure 2.. 

The carbamate 24 (0.3 g,L0 mmol) was stirred at room temperature in l(H)-aziridine 
(2 mL, CAUTION!) for 15 minutes, evaporated and redissolved in EtOAc (5 mL). 
The solution was then evaporated to 50% volume and the resulting red precipitate 
filtered and washed well with cold EtOAc to afford 25 (210 mg, 63%) as a red solid: 

25 mp 235-238°C(dec); 1 H-NMR ((CD 3 ) 2 SO) 6 0.65-0.73 (m, 2H, cyclopropyl-C// 2 ), 
1.05-1.15 (m, 2H, cyclopropyl-C// 2 ), 1.73-1.85 (m, 1H, cyclopropyl-//), 2.18 (s, 4H, 
2 x azir-C// 2 ), 3.93 (s, 3H, C// 3 N-), 5.06 (s, 2H, Ctf 2 OCONH 2 ), 5.78 (s, 1H, 6-H) and 
6.42 (br s, 2H, N# 2 ). Anal. C; 60.93, H; 5.60, N; 13.38%, Calc. (C 16 H 17 N 3 0 4 ) C; 
60.95, H; 5.39, N; 13.33%. 
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Example 9: 2-Cvciopropvl-l-methvI-S-(2-mcthvlaziriditi-l-vlV-3> 
{fcarbamovioxv^inethvn- indoIe-4.7-dione <2€\ bv reaction (xxift of Figure 2. 

The carbamate 24 (0.05 g, 0.164 mmol) was stirred at room temperature in 
2-methylaziridine (1 .5 mL) for 4 hours, evaporated and redissolved in EtOAc (5 mL). 
5 The solution was then evaporated to 50% volume and the resulting red precipitate 

filtered and washed well with cold EtOAc, and then recrystallized from EtOAc to afford 
26 (30 mg, 56%) as a red solid: mp 209-211 °C(dec); *H-NMR ((CD 3 ) 2 SO) 5 
, 0.63-0.72 (m, 2H, cyclopropyl-C/f 2 ), 1.01-1.09 (m, 2H, cyclopropyl-Ctf 2 ), 

1.29 (d, 3H, J=5.4Hz, azir-C# 3 ), 1.75-1.85 (m, 1H, cyciopropyl-tf), 1.98-2.05 (m f 3H, 
10 azu--C//C// 2 ), 3.93 (s, 3H, C/f 3 N-), 5.06 (s, 2H, Ctf 2 OCONH 2 ), 5.76 (s, 1H, 6-H) and 
6.41 (brs, 2H, N# 2 ). Anal. C; 61.76, H; 5.41, N; 12.24%, Calc. (C 17 H 19 N 3 0 4 ) 
C; 62.00, H; 5.77, N; 12.76%. 

E&mwte 19; Preparation of 2-l8ppropyl-3-nLethoxycar11?9nyl-5-metboyy-l- 
merhvlindole-4.7-dione (35) bv reactions rtiWxvii) of Fieare 2, 
1 5 (a) l-AcetyI-33-diethoxycar^nyl-23^ihydi^2-isopropyl-5-methoxyindoIe (27). 

This compound was prepared (56%) by the method described for compound 9 but using 
isobutyraldehyde in place of cyclopropane carboxaldehyde. The residue after work-up 
was dissolved in Ac 2 0 (5 mL) and stirred for 3 hours at room temperature. The 
anhydride was then evaporated in vacuo and the residue purified on silica, eluting with 
20 hexane/EtOAc (1:1, Rf=0.5) to give 27 (87%) as a white solid: mp 77.5-78.5 °C; 
*H-NMR (CDC1 3 ) 5 0.6 (d, 3H, J=7.2 Hz, CHCH3), 0.9 (d, 3H, J=7.2 Hz, CHC//3), 
1.2 (t, 6H, J=7.2 Hz, CH 2 C// 3 ), 1.3 (t, 6H, J=7.2 Hz, CH 2 C# 3 ), 2.12-2.28 (m, 1H, 
C//(CH 3 ) 2 ), 2.36 (s, 3H, COCH 3 ), 3.81 (s, 3H, CH 3 0-), 4. 1-4.33 (m, 4H, 
2 x C// 2 CH 3 ), 4.8 (br, 1H, 2-H) and 6.9-7.8 (m, 3H, Ar-4,6,7tf). 

25 (b) l-Acetyi-3-carboxy-23-dihydro-2-i8opropyl-5-methoxyindole (28). 

The acetylindole 27 was hydrolysed as described for the preparation of 1 1 to give 28 
(90%) as an off-white foam (Rf=0.45, Me 2 CO), which was used in the next step without 
further purification; } H-NMR (CDC1 3 ) 8 0.59 (d, 3H, J=7.2 Hz, CHC// 3 ), 0.9 (d, 3H, 
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J=7.2 Hz, CHC// 3 ), 2.15-2.22 (m, 1H, C//(CH 3 2 ), 2.2 (s, 3H, COC//3), 3.72 (s, 3H, 
C//3O-), 3.98 (br, 1H, 3-#), 4.62 (br, 1H, 2-H), 6.8-6.98 (m, 2H, Ar-4,7#) and 
7.78-7.85 (m, 1H, Ax-6H). 

(c) Methyl l-acetyl-23-dihydro-2-isopropyl-5-inethoxyindol€-3-carboxyiate (29). 

5 In a procedure identical to that carried out on 11, compound 29 was prepared from 
compound 28 as a pale brown oil (93%); 1 H-NMR (CDCI3) 8 011 < d > 3H * J=7 - 2 
CHCtf 3 ), 1 .0 (d, 3H, J=7.2 Hz, CHC# 3 ), 2.1-2.2 (m, 1H, Ctf(CH 3 )2), 2.32 (s, 3H, 
COC// 3 ), 3.69 (s, 3H, C0 2 C// 3 ), 3.79 (s, 3H, C//3O-), 3.8 (br, 1H, 3~#), 4.6 (br, 1H, 
2-#), 6.8-6.98 (m, 2H, Ar-4, 1H) and 7.78-7.85 (m, 1H, Ar-6/f). 

10 (d) Methyl l-acetyl-2-isopropyl-5-methoxyindo!e-3-carboxylate (30). 

A solution of 29 (1 .0 g, 4.0 mmol) was stirred under reflux with DDQ (0.96 g, 
4.2 mmol) in toluene (12.5 mL) for 2 days. The DDQH 2 was removed by filtration and 
the filtrate evaporated in vacuo. The residue was purified on silica, eluting with 
hexane/Me 2 CO (3:1, RfN).65) to give 30 (0.44 g, 44%) as a pale red oil; 1 H-NMR 
1 5 (CDCI3) 8 1 .45 (d, 6H, J=7.2 Hz, CH(Ci/ 3 ) 2 ), 2.78 (s, 3H, COC# 3 ), 3.87 (s, 3H, 
C0 2 C// 3 ), 3.96 (s, 3H, C// 3 0-), 3.88-3.98 (m, 1H, Ctf(CH 3 ) 2 ), 6.89 (dd, 1H, J=2.7 
and 9 Hz, Ar-6H), 7.44 (d, 1H, J=9 Hz, Ar-7H) and 7.55 (d, 1H, J=2.7 Hz, AiAH). 

(e) Methyl 2-isopropyl-5-methoxyindole-3-carboxyUte (31). 

This compound was prepared from compound 30 as described for 14 (70%) as a pale 
20 red oil; 1 H-NMR (CDC1 3 ) 6 1.43 (d, 6H, J=7.2 Hz, CH(Ctf 3 ) 2 ), 3.87 (s, 3H, 

C0 2 C// 3 ), 3.92 (s, 3H, C//3O-), 4.08-4.25 (m, 1H, C#(CH 3 ) 2 ), 6.9 (dd, 2H, J=2.7 and 
9 Hz, Ar-6H), 7.1-7.6 (m, 2H, M-4JH) and 8.2 (br s, 1H, N/f). 

(f) Methyl 2-isopropyl-5-methoxy-l-methylindoIe-3-carboxylate (32). 

In a procedure identical to that carried out on 14, compound 32 was prepared (80%) 
25 from compound 31 and purified on silica, eluting with EtOAc/hexane 
(1:2, Rf=0.74) as a pale yellow solid: mp 105-106°C; 1 H-NMR (CDCI3) 
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8 1.45 (d, 6H, J=7.2Hz, CH(CH 3 ) 2 ), 3.79 (s, 3H, C//3N-), 3.88 (s, 3H, C0 2 C// 3 ), 
3.92 (s, 3H, C//3O-), 4.22-4.45 (m, 1H, C//(CH 3 ) 2 ), 6.9 (dd, 2H, J=2.7 and 9Hz, 
Ar-6/f) and 7.1-7.64 (m, 1H, Ar-4,7tf). 

(g) Methyl 2-isopropyl>S>methoxy-l-metbyi-4-nitroindole-3-carboxylate (33). 

5 To a solution of 32 (8.0 g, 34.66 mmol) in AcOH (150 rnL) cooled to 0°C, was added 
dropwise a cold (0°C) mixture of f.HN0 3 (27 mL) in AcOH (100 mL). The solution 
was stirred for 3 hours while allowing to reach room temperature, and then poured onto 
300 g of crushed ice and the resulting yellow solid collected by suction filtration. The 
dried residue was purified on silica, eiuting with EtOAc/hexane (1 :2, Rf=0.26) to give 
10 7.5 g (71%) of 33 as a yellow solid, recrystallised from EtOAc: mp 149-150.5°C; 
*H-NMR (CDC1 3 ) 5 1.44 (d, 6H, J-7.2 Hz, CH(C# 3 ) 2 ), 3.78 (s, 3H, C//3N-), 
3.82 (s, 3H, C0 2 C// 3 ), 3.91 (s, 3H, CH 3 0-), 3.95-4.15 (m, 1H, GfY(CH 3 ) 2 ), 
6.97 (d, lH,J=9Hz, Ar-6/7) and 7.35 (d, 1H, J=9 Hz, Ax-7H). 

(h) 2-Isopropyl-3-me&oiycarboByl-5-methoiy-l-metfeyli»d©l©-4 t 7-dione (35). 

1 5 Compound 33 was reduced as described for 1 7 to give 34 (85%) and the crude material 
oxidized with Fremy's salt as described for 18. After work-up the resulting orange 
precipitate was collected by suction filtration, washed with H 2 0 and dried in a vacuum 
oven at 45 °C to afford 35 as an orange solid (75%), recrystallized from EtOAc: 
mp 192-194°C; *H-NMR (CDC1 3 ) 5 1.34 (d, 6H, J=7.2 Hz, CH(C# 3 ) 2 ), 3.12-3.28 

20 (m, 1 H, Ctf(CH 3 ) 2 ), 3.8 1 (s, 3H, Ctf 3 N-), 3.90 (s, 3H, C0 2 Cif 3 ), 3.97 (s, 3H, C//3O) 
and 5.64 (s, IH, 6-H). Anal. C; 62.31, H; 5.82, N; 4.90% Calc. (C 15 H 17 N0 5 ) 
C; 61.86, H; 5.84, N; 4.81%. 

flyample 11: 3-Hvdroyvmethvl-2-isoproDvl-5-methoxv-l-methvIindole-4.7-dion^ 
<™ hv reaction (rviiil of Figure 2. 

25 To a solution of 35 (0.5 g, 1 .7 mmol) in CHC1 3 (50 mL) and EtOH (! 8 mL) was added 
a solution of Na 2 S 2 0 4 (3.5 g, 20 mmol) in H 2 0 (22 mL). The solution was stirred at 
room temperature for Ihour and the organic layer separated, washed with sat. NaCl 
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(50 mL), dried and evaporated. The crude hydroquinone was dried over 18 hours 
in vacuo and then dissolved in anhydrous THF (5 mL) under argon and added to a 
solution of LLAIH4 (1 2 mL of a 1 .0 M solution inTHF) dropwise at room temperature 
and under argon. The solution was then stirred for 1 hour at 30 °C, cooled to 0°C, and 
5 H2O (15 mL) added dropwise, followed by a solution of FeClj (12 mL, 1.0 M 
(0.1 M HC1)) added at 0°C. The solution was stirred for 10 minutes at 0°C and then 
EtOAc (1 50 mL) and H 2 0 (1 50 mL) added. The aqueous layer was extracted with 
EtOAc (5 x 50 mL) and the organic phase washed with sat. NaCl (250 mL), dried 
and evaporated. The residue was purified on silica, eluting with EtOAc/hexane, 
10 (1:1, Rf=0.22) to give, after recrystallization from EtOAc, 36 as an orange solid 
(140 mg, 31 %): mp 160-161°C; ^H-NMR (CDCI3) 5 1.37 (d, 6H, J=7.2 Hz, 
CH(Ctf 3 ) 2 ), 3.1-3.28 (m, 1H, Ci/(CH 3 2 ), 3.82 (s, 3H, C//3N-), 3.97 (s, 3H, C//3O-), 
4.71 (br, 2H, C// 2 OH) and 5.64 (s, 1H, 6-H). Anal. C; 63.42, H; 6.50, N; 5.24% 
Caic. (C 14 H 17 N0 4 ) C; 63.88, H; 6.46, N; 5.32%. 

15 Example 12: 54Aziridin-l-vlV3-hvdroxvmethvl-2-isoDronvl-1 -methy|iodple-4J- 
flfflK f?7) K ™«rtinn (rx\ of Figure 2, 

A solution of 36 (50 mg, 0. 1 9 mmol) in 1 (H)-aziridine (0.5 mL, ca. II .7 mmol, 
CAUTION!) was stirred for 0.5 hour at room temperature and then evaporated to 
dryness and the residue purified on silica, eluting with EtOAc (Rf==0.55) to give, after 
20 recrystallization from EtAOc, 37 (42 mg, 8 1 %)) as a red solid: mp 1 44- 1 45 °C ; 

*H-NMR (CDCI3) 8 1.37 (d, 6H, J=7.2 Hz, CH(Cff 3 ) 2 ), 2. 1 8 (s, 4H, 2 x am-CH 2 , 
3.1-3.28 (m, 1H, C//(CH 3 ) 2 ), 3.95 (s, 3a C//3N-), 4.68 (br s, 1H, CH 2 OH), 
4.76 (br, 2H, C# 2 OH) and 5.76 (s, 1H, Anal, C; 65.74, H; 6.64, N; 9.91% 
Caic. (C 15 H !g N 2 03) C; 65.69, H; 6.57, N; 10.22%. 

25 FrTflmplq 1 3- 3-Hvdroxvmethvl-2-isopropvl>5-(2-methvlaziridin-l-vl)-l- 
m f thvKndo1f>4.7-dione (38) bv reaction fxx) of Figm-gJL 
Compound 36 (0.1 g, 0.38 mmol) was dissolved and stirred in freshly distilled 
2-methylaziridine (3 mL, ca .50 mmol) for 2.5 hours. The solution was evaporated 



-23- 



WO 97/23456 



PCT/GB96/03176 



in vacuo and the residue redissolved in EtOAc, evaporated and purified on silica 
(eluting with EtOAc) to afford a red glass (38, 85 mg, 78%): 1 H-NMR (CDCI3) 8 1 .37 
. (d, 6H, J=7.2 Hz, CH{Cif 3 ) 2 ), 1 .42 (d, 3H, J=4.S Hz, azir-Ctf 3 ), 2.01-2.15 (m, 3H, 

azk-CHCH 2 ), 3.1-3.28 (m, 1H, C/f(CH 3 ) 2 ), 3.95 (s, 3H, C//3N-), 4.68 (br s, 1H, 
5 CH 2 0#), 4.76 (br, 2H, C# 2 OH) and 5.76 (s, 1H, 6-H). Anal. C; 67.12, H; 6.04, N; 
9.57% Calc. (C 16 H 20 N 2 O 3 ) C; 66.67, H; 6.94, N; 9.72%. 

Example 14: Preparation of 2-isopropvl-S-methoxv-l-methvl-3-Kc«rbamovloxv>- 

mgtftylHnriolMJ-dtone (49) fry reactions (m) and Pom) pf Figure 2» 

(a) 2-Isopropyl-5-metfeoxy-l-methyl-3-[[(phenoKycarbonyl)oxy]methylJ indole-4,7- 
10 dione{39). 

To a solution of 36 (0.55 g, 2.1 mmol) in anhydrous pyridine (25 mL) at 0°C, was 
added dropwise phenylchloroformate (0.5 g, 3 .2 mmol) and the solution then allowed to 
reach room temperature and stirred for Ihour and then a further 0.25 g ( 1 .6 mmoL) of 
phenylchloroformate was added. After a further 1 hour, H 2 0 (200 mL) was added and 

15 the solution was extracted with EtOAc (4 x 50 mL) and washed with H 2 0 (100 mL) and 
sat. NaCl (100 mL), dried and evaporated. The residue was purified on silica, eluting 
with EtOAc (Rf=0.8) to give 39 (0.6 g, 75%) as an orange solid: mp 126-127°C; 
1 H-NMR (CDCl 3 ) 8 1.37 (d, 6H, J=7.2 Hz, CH(C// 3 ) 2 ), 3.1-3.28 (m, 1H, Ctf(CH 3 ) 2 ), 
3.79 (s, 3H, CH3N-), 4.01 (s, 3H, CH3O-), 5.27 (s, 2H, Cf/ 2 OCOPh), 5.51 (s, 1H, 6-H) 

20 and 7.15-7.3 (m, 5H, Ar). 

(b) 2-Isopropyl-S-methoxy-l-methyl-3-[(carbamoyIoxy)inethyl] mdoIe-4,7-dione 
(40). 

The phenylcarbonate 39 (0.1 g, 0.26 mmol) was dissolved in anhydrous CH 2 Ci 2 
( 1 5 mL) and the solution cooled to -78 *C. The solution was then saturated with NH3 
25 and stirred at -78°C until reaction was complete (ca. 2.5 hours). The solution was then 
allowed to reach room temperature and evaporated in vacuo. The residue was 
redissolved in CH 2 C1 2 (50 mL) and washed with H 2 0 (2 x 50 mL) and sat. NaCl 
(25 mL), dried and evaporated, and the residue recrystaliized from EtOAc to afford 
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55 mg (69%) of 40 as an orange solid: mp 244-246 °C (dec.); H-NMR(CDCl 3 ) 
5 1.37 (d, 6H, J=7.2 Hz, CH(C# 3 ) 2 ), 3.1-3.28 (ra, 1H, C/^CH^), 3.78 (s, 3H, 
C//3N-), 3.99 (s, 3H, C// 5 0-), 4.79 (br s, 2H, N// 2 ), 5.3 (s, 2H, C# 2 0C0NH 2 ) and 
5.62 (s, 1H, 6-H). Anal. C; 58.67, H; 5.76, N; 9.02%, Calc. (C 15 H 18 N 2 0 5 ) C; 58.82, 

5 H; 5.88, N; 9.15%. 

fi^m ple 1 5: 5-(Aziridin-^v^V^i»oproPYl4'm»thvl-3-K^r^?»W9YloxY)roctJh^ 

| n ^nla-4.7-dione (4l\ hv reaction toiift of Figure 2. 

The carbamate 40 (0. i g, 0.33 mraol) was stirred at room temperature in 1 (H)-azkidine 
(2 mL, CAUTION!) for 25 minutes, evaporated and redissolved in EtOAc (5 mL). The 

1 0 solution was then evaporated to 50% volume and the resulting red precipitate filtered 
and washed well with cold EtOAc to afford 41 (55 mg, 53%) as a red solid: 
mp 230-233 °C(dec); *H-NMR ((CD 3 ) 2 SO) 6 1.37 (d, 6H, J=7.2 Hz, OtfCffj^), 
2. 1 8 (s, 4H, 2 x azu-CH 2 ), 3. 1 -3.28 (m, 1 H, C#(CH 3 ) 2 ), 3.93 (s, 3H, GH3N-), 5.06 (s, 
2H, C// 2 OCONH 2 ), 5.78 (s, 1H, 6-H) and 6.42 (br s, 2H, N// 2 ). Anal. C; 60.25, 

1 5 H; 6.04, N; 13.30%, Calc. (C 16 H 19 N 3 0 4 ) C; 60.57, H; 5.99, N; 13.25%. 

Exam ple 16: 2-IsonroovM-m^hYl-5-f2~niethY»a?ind>n-l-Yl)-3- 
[(^rfrgl^vjor^methvl) indoIe~4.7-dione f42) hv reaction (xxiiiS of Figure 2^. 

The carbamate 40 (0. 1 g, 0.32 mmol) was stirred at room temperature in 
2-methyIaziridine (1.5 mL) for 2.5 hours, evaporated and redissolved in EtOAc (5 mL). 

20 The solution was then evaporated to 50% volume and the resulting red precipitate 

filtered and washed well with cold EtOAc, and then recrystaliized from EtOAc to afford 
42 (55 mg, 52%) asared solid: mp 204-205 °C(dec.); ! H-NMR ((CD 3 ) 2 SO) 6 1.37 
(d, 6H, J=7.2 Hz, CH(C# 3 ) 2 ), 1.42 (d, 3H, J=5.4 Hz, azir-C// 3 ), 1.98-2.05 (m, 3H, 
azir-CtfC// 2 ), 3.1-3.28 (m, 1H, CH(CU 2 ) 2 ), 3.93 (s, 3H, C/fjN-% 5.06 (s, 2H, 

25 C// 2 OCONH 2 ), 5.76 (s, 1H, 6-H) and 6.41 (br s, 2H, NH 2 ). Anal. C; 61 .52, H; 6.36, 
N; 12.90%, Calc. (C 17 H 21 N 3 0 4 ) C; 61.63, H; 6.34, N; 12.69%. 
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Ex a m p le 17 ; 1 .3dBimgthvl-&igoproRy^^ (43). 

To a solution of 35 (0.5 g, 1.7 mmol) in CHCI3 (50 mL) and EtOH (1 8 mL) was added 
a solution of Na 2 S 2 04 (3.5 g, 20 mmol) in H 2 0 (22 mL). The solution was stirred at 
room temperature for I hour and the organic layer separated, washed with sat. NaCl 
5 (50 mL), dried and evaporated. The crude hydroquinone was dried over 1 8 hours 
in vacuo and then dissolved in anhydrous THF (5 mL) under argon and added to a 
solution of DIBAL-H (10 mL of a 1.5 M solution in toluene) dropwise at -30 °C and 
under argon. The solution was then stirred for 18 hours at 4°C, cooled to 0°C, and 
(15 mL) added dropwise, followed by a solution of FeCl 3 (12 mL, 1.0 M (0.1 M HC1)) 

1 0 added at 0 °C. The solution was stirred for 1 0 minutes at 0°C and then EtOAc (J 50 mL) 
and H 2 0 ( 1 50 mL) added. The aqueous layer was extracted with EtOAc (5 x 50 mL) 
and the organic phase washed with sat. NaCI (250 mL), dried and evaporated. The 
residue was purified on silica, eluting with EtOAc/hexane, (1 : 2, Rf=0.44) to give, after 
recrystallLzation from EtOAc, 43 as an orange solid (48 mg, 1 1 %): mp 168-1 69 "C; 

15 *H-NMR (CDCI3) 5 1.35 (d, 6H, J=7.2 Hz, CH(C# 3 ) 2 ), 2.38 (s, 3H, 3-CJ%), 
3.1-3.28 (m, 1H, CHiCU-fa), 3.78 (s, 3H, Cff 3 N-), 3.95 (s, 3H, C# 3 0-) and 
5.57 (s, 1H,6-//)- 

Example m 5^Aariatn~l-yl>-13^imethy|-2-Bopropylia<lQle^,7-4wpe (44), 

A solution of 43 (30 mg, 0.12 mmol) in l(H)-aziridine (0.5 mL, ca. 11.7 mmol, 
20 CAUTION!) was stirred for 0.5 hour at room temperature and then evaporated to 
dryness and the residue purified on silica, eluting with EtOAc/hexane (1:2, Rf=0.32) 
to give, after recrystalMzation from EtAOc, 44 (5.5 mg, 18%)) as a red solid: 
mp 110-1 12°C; ! H-NMR (CDCI3) 5 1.35 (d, 6H, J=7.2 Hz, CHiCHfa), 2.15 (s, 4H, 
2 x azir-C# 2 ), 2.38 (s, 3H, 3-C/f 3 ), 3.1-3.28 (m, 1H, C/f(CH 3 ) 2 ), 3.94 (s, 3H, C/Y3N-) 
25 and 5.72 (s, 1H, 6-H). 
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FT»m pl<> 19: 2-Cvdo heTvl-.Vhvdroxvmcthvl-5-inethoxv~l-methvHndolc-4.7-4iong 

(45), 

The corresponding 3-raethoxycarbonyl precursor compound was prepared as described 
for 18 and 35 but using cyclohexylcarboxaldehyde in the in-line cyclisation step and the 
5 subsequent oxidation step with DDQ required a much prolonged reaction time of 1 2h. 
The crude 4-amino compound was again oxidized with Fremy's salt as described for 18, 
After work-up the resulting orange precipitate was collected by suction filtration, 
washed with H20 and dried in a vacuum oven at 45°C to give 2-cyclohexyl-3- 
methoxycarbonyl-5-methoxy- 1 ~methylindole-4,7~dione as an orange solid (75%), 

10 recrystallized from EtOAc: mp 190-192°C; ! H-NMR (CDC1 3 ) 8 1.27 (m, 6H, 6 x 
cylohexyl-H), 1.83 (m, 5H, 5 x cyclohexyl-H), 3.79 (s, 3H, CH3N-), 3.91 (s, 3H, 
C0 2 CH 3 ), 3.96 (s, 3H, CH3O-) and 5.63 (s, IH, 6-H). This compound was then 
reduced with L1AIH4 as described for 36 to give 45 as an orange solid (59 %): 
mp 2I4-215°C; ! H-NMR (CDCI3) & 1.25 (m, 6H, 6 x cylohexyl-H), 1.78 (m, 5H, 

15 5 x cyclohexyl-H), 3.81 (s, 3H, CH3N-), 3.97 (s, 3H, CH3O-), 4.76 (s, 2H, CH 2 OH) 
and 5.63 (s, IH, 6-H). Anal. C; 67.54, H; 6.82, N; 4.67% Calc. (C 17 H 2 iNC>4) 
C; 67.31, H; 6.98, N; 4.62%. 

Example 20: 5-f Aziridin- 1 -v!V2-cvcloheryl-3-hvdroxvmethvl>i-methvHndole-4 t 7- 

dione (46), ^ 

20 A solution of 45 (30mg,0, Immol) infresbJy distilled l(H)-aziridine (0.5mL, 

ca. 1 1 .7mmol, CAUTION !) was stirred for 0.5h at room temperature and then 

evaporated to dryness and the residue purified on silica, eluting with EtOAc/hexane. 
( 1 : (1:1, R£=0J) to a give, after recrystallization from EtAOc, 46 (22mg, 70%)) as a red 

solid: mp 128-130°C; l H-NMR (CDCI3) 8 1.26 (m, 6H, 6 x cylohexyl-H), 
25 1 .78 (m, 5H, 5 x cyclohexyl-H), 2. 1 8 (s, 4H, 2 x aziridine-C/^), 3.95 (s, 3H, C// 3 N-), 

4.76 (s, 2H, CH20H) and 5.77 (s, IH, 6-H). Anal. C; 63.72, H; 6.97, N; 8.22% 

Calc. (C 18 H2 2 N 2 03.I.5H2O)C; 63.34, H; 7.33, N; 8.21%. 
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M<™* ftv reactions (i) to M) of Figure 3. 

(a) 5-Methoxy-l,2-dimethylindoIe (47). 

5-Methoxy-2-methylindole (10 g, 0.062 mol) was added gradually and under dry argon 
5 to a stirred suspension of NaH (2.73 g of a 60% dispersion, 0.068 mol) in DMF 
(150 mL). The suspension was heated at 45 °C for 10 minutes, cooled to room 
temperature, and Mel (33 mL, 0.23 mol) added over 5 minutes. The solution was then 
heated at 60°C for 1 hour, cooled and poured onto cold (0°C) NaHSC>4 (aq., 10%, 
1 50 mL) and extracted with EtOAc (3 x 100 mL), dried and evaporated. The residue 
10 was purified on silica, eluting with 3% EtOAc/hexane (Rf=Q,5) to give 4.5 g (41%) of 
45 as a pale brown solid: mp73-74°C; *H-NMR (CDC1 3 )8 2.37 (s, 3H, 2-C// 3 ), 
3.59 (s, 3H, C// 3 N-), 3.82 (s, 3H, C//3O-X 6.16 (s, 1H, 3-H) and 6.9-7.28 (m, 3H, 
Ar-4,6,7/f). 

(b) S-Methoxy-l^-dimethylindoie-3-carfooxaldehyde (48). 

1 5 N-methylformanilide (0.95 g, 7.04 mmol) and POCI3 (1.08 g, 7.05 mmol) were stirred 

at room temperature until the yellow solid chloroimmonium Vilsmeier compound 
formed. The yellow solid was then added to a solution of 47 (0.7 g, 4 mmol) in 
1 ,2-dichloroethane (15 mL) and the solution heated under reflux for 1.5 hours, cooled, 
and NaOAc (1.0 M, 50 mL) added. The solution was extracted with EtOAc (4 x 100 
20 mL), dried and evaporated. The residue was purified on silica, eluting with 

EtOAc/hexane (1:1, Rf=0.5 (EtOAc)) to give 0.35 g (43%) of 48 as an off-white solid: 
mp 108-1 10°C; *H-NMR (CDCI3) 8 2.62 (s, 3H, 2-C# 3 ), 3.63 (s, 3H, C//3N-), 
3.89 (s, 3H, C//3O), 6.94-7.2 (m, 2H, Ar-6,7H), 7.8 (d, 1H, J=2 Hz, Ar-4/f) and 
10.1 (s, 1H, CHO). 

25 (c) 5-Methoxy-I^-dimethyl-4-nitroindole-3-carboxaldehyde (49) by reaction (Hi). 
Compound 48 (6.0 g, 0.03 mol) was dissolved in AcOH (480 mL) and cooled to 5°C 
and f.HN03 (18 mL) in AcOH (72 mL) added dropwise with stirring over 5 minutes. 
The solution temperature was allowed to rise to 20°C over 18 hours and the mixture 
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poured on to crushed ice (500 g) and the yellow precipitate collected by suction 
filtration and dried in vacuo at 50°C. The yellow solid was purified on silica, eluting 
with EtOAc/hexane (2:1, Rf=0.42 (EtOAc)) to give 4.37 g (59%) of 49 as a pale yellow 
solid: mp 236-238°C(dec.); *H-NMR ((CD 3 ) 2 SO) 8 2.71 (s, 3H, 2-C// 3 ), 3.76 (s, 3H, 
5 Cff 3 N-), 3.89 (s, 3H, C//3O), 7.25 (d, 1H, J=9 Hz, Ar-7H), 7.75 (d, 1H, J=9 Hz, Ar-6#) 
and 9.9 (s, lH,Ci/0). 

(d) 4-Amiiio-5-methoxy-l^-diiQethyliiidole-3-carbo3taIdeIiyde (50) by reaction (iv). 
Nitro-compound 49 (0.18 g, 0.74 mmol) was dissolved in EtOH (15 mL) and powdered 
tin (0.45 g, 3.8 mmol) added, followed by HC1 (3.0 M, 5.6 mL) and the solution heated 

1 0 under gentle reflux for 1 hour. Water (50 mL) was added and the solution neutralized 
with NaIIC0 3 (aq.) and then extracted with CHCI3 (3 x 100 mL), dried and evaporated. 
The residue was purified on silica, eluting with EtOAc/hexane (1:1, Rf=0.57 (EtOAc)) 
to give 0.1 g (62%) of 50 as a pale yellow solid: mp 1 52-153 °C (dec.); *H-NMR 
((CD 3 )2SO) 5 2.61 (s, 3H, 2-Cff 3 ), 3.59 (s, 3H, C//3N-), 3.75 (s, 3H, C// 3 0), 6.0 (br s, 

15 2H, Ntf 2 ), 6.56 (d, 1H, J«9 Hz, Ar-7H), 6.85 (d, 1H, JM9 Hz, Ar-6H) and 9.71 (s, 1H, 
CM)). 

(e) 5-Methoxy-l^-dimethyW,7-dioxoindoIe-3-carboiJiIdehyde (51). 

To a solution of 50 (0.074 g, 0.34 mmol) in M^CO (14 mL) was added a solution of 

Fremy's salt (0.45 g, 1.68 mmol) in Na^PC^/T^HPC^ buffer (14 mL, 0.3 M, 
20 pH 6.0) and the solution stirred at room temperature for 1 hour. The solution was 
evaporated at 30°C to remove most of the Me 2 CO and the resulting orange precipitate 
collected by suction filtration and washed well with and cold MeOH, to give 51 
(0.06 g, 75%): mp239-242°C; ^-NMR ((CD 3 ) 2 SO) 5 2.5 (s, 3H, 2-CH 3 ), 
3.82 (s, 3H, C//3N-), 3.88 (s, 3H, CH 3 0), 5.89 (s, 1H, 6-H) and 10.37 (s, 1H, CHO). 

25 (f) 5-Methoxy-3-hydroxymethyl-l,2-dimethylindole-4,7-dione (52) by reaction (vi). 
To a suspension of 51 (0.25 g, 0.94 mmol) in MeOH (100 mL, degassed by boiling in 
under argon in vacuo) was added NaBH 4 (0.36 g, 9.7 mmol) while maintaining a dry 
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argon atmosphere. The solution was stirred at room temperature for 1 hour and the 
solution aerated prior to the addition of (40 mL) and the solution extracted with 
CH2CI2 (3 x 100 mL), dried and evaporated. The residue was purified on silica, eluting 
with EtOAc (Rf=0.4) to afford 52 (0.1 g, 33%) as an orange solid, recrystellized from 
5 EtOAc: mp 215-216°C; *H-NMR (CDCI3) 6 2.21 (s, 3H, 2-C# 3 ), 3.81 (s, 3H, 

C//3N-), 3.86 (s, 3H, C//3O), 4.65 (br d, 2H, J=7.2 Hz, CH 2 OK) and 5.61 (s, 1H, 6-H) 

Klffmplff 22\ ^A7iridin-l-vtV3~hvdroxvmethvI-l^-dimcthvlindole~4.7-dione (53) 
via reaction Mi) o f Figure 4, 

A solution of 52 (235 mg, 1.0 mmol) in freshly redistilled l(H)-aziridine (1.5 mL, 
10 ca. 35 mmol, CAUTION!) was stirred for 0.5 hour at room temperature and evaporated 
in vacuo. The residue was redissolved in EtOAc, condensed by 75%, and the precipitate 
collected and washed with cold EtOAc, to give 225 mg ( 91%) of 53 as a dark red solid: 
mp 173-1 74 °C (dec.); *H-NMR (CDCI3) 5 2.19 (s, 4H, 2 xazir-CH 2 ), 2.22 (s, 3H, 
2-C//3), 3.86 (s, 3H, C//3N-), 3.95 (br, 1H, CH 2 0/f), 4.65 (br d, 2H, C# 2 OH) and 
15 5.76 (s, 1H, 6-H). Anal. C; 63.08, H; 5.62, N; 11.07% Calc. (C 13 H| 4 N 2 0 3 ) C; 63.41, 
H; 5.69, N; 11.38%. 

y f1ffl miFk « ; VHvdroxvmefbvl-5-f2>methvliiziridip-l-v)Vl^imetbvltP<l9le^Jz 

tinm fM) frY r*«**i«™ of Figure 4. 

A solution of 52 (235 mg, 1.0 mmol) in 2-methylaziridine (2 mL, ca. mmol) was stirred 
20 at room temperature for 4 hours and worked up as described for 53 to give 54 (1 95 mg, 
75%) as a dark red solid: mp 120-122°C; l H~NMR (CDCI3) 5 1.42 (d, 3H, J=5.4 Hz, 
azk-CH 3 ), 2.08-2.21 (m, 3H, xw-CHCH 2 ), 2.22 (s, 3H, 2-CH 3 ), 3.89 (s, 3H, C# 3 N-), 
4.61 (br, 1H, CH 2 0/f), 4.63 (br, 2H, C// 2 OH) and 5.75 (s, IH, 6-H). Anal. C; 65.09, 
H; 5.79, N; 10.72% Calc. (C 14 H 16 N 2 0 3 ) C; 64.61, H; 6.15, N; 10.77%. 



-30- 



WO 97/23456 



PCT/G896/03176 



FTumpie 24: .VHvdroTvmethv»-54ciy-23-dimethvla2iridin-l-vl>-l^ 
^^vijn^lMJ-dinne fSS> bv reaction (vii) of Figure 4. 

A solution of 52 (100 rag, 0.43 mmoi) in cis-2,3-dimethylaziridiiie (2 mL) was stirred 
for 1 hour at room temperature and then evaporated in vacuo at 30 °C. The residue was 
5 purified on silica, eluting with EtOAc (Rf=0.6), to give 55 (65 mg, 55%) after 
recrystallization from EtOAc: mp 132-135°C; *H-NMR (CDC1 3 ) 8 1.38 (d, 6H, 
J=5.4Hz, 2 x azu--C# 3 ), 2.15-2.21 (m, 2H, 2 x azh-CH), 2.22 (s, 3H, 2-CH 3 ), 3.85 (s, 
3H, C//3N-), 4.24 (br, 1H, CU 2 OH), 4.63 (br, 2H, CH 2 OK) and 5.73 (s, 1H, 6-H). 
Anal. C; 65.93, H; 6.50, N; 10.12% Calc. (C l5 H 18 N 2 0 3 ) C; 65.69, H; 6.57, 
10 N; 10.22%. 

Sample 25: 3-Hvdrnxvmethvl-5-( 2.2-dimethvlaziridin-l -vlVI .2-dimetbvlindok- 
4.7-dione (56) bv reaction fviii) of Figure 4, 

A solution of 52 (100 mg, 0.43 mmol) in 2,2-dimethylaziridine (2 mL) was stirred at 
95 °C for 5 hours. After this time (reaction does not go to completion) the solution was 

1 5 cooled and evaporated in vacuo, and the residue redissolved in EtOAc and evaporated 
to precipitate 56 as a dark red solid, which was unstable on silica and in 
solution: mp 138-141 °C; 5 H-NMR (CDCI3) 5 1.32 (s, 6H, 2 x azir-C# 3 ), 2.07 (s, 2H, 
azu--C/f 2 ), 2.22 (s, 3H, 2-C# 3 ), 3.87 (s, 3H, C//3N-), 4.25 (br, IH, CH 2 0#), 
4.86 (br, 2H, C# 2 OH) and 5.68 (s, 1H, 6-H)- Anal. C; 62.92, H; 6,88,N; 9.58% 

20 Calc. (C I 5H I gN 2 03.2/3H 2 0) C; 62.94, H; 6.76, N; 9.79%. 

Example 26: 3-HvdroxvmethvI-5-( Z^^jmethYl^-bYdrPXYethynftmiPOr-Ll: 
dimrth Y lindnie-4.7-dione (57) bv reaction Mii) of Figure 4, 

Compound 56 (25 mg, mmol) was dissolved in 5 mL H 2 0 with warming to 45 °C and 
then evaporated in vacuo at 50°C. The residue was purified on silica, eluting with 
25 EtOAc (Rf=0.35) to give 57, after recrystallization from EtOAc: mp 188-190°C; 

1 H-NMR ((CD 3 ) 2 SO) 8 1.14 (s, 6H, 2 x CH 3 ), 2.21 (s, 3H, 2-C// 3 ), 3.02 (d, 2H, J=7.2 
Hz, NHC// 2 C(CH 3 ) 2 ), 3.84 (s, 3H, C//3N-), 4.58 (br, 2H, C// 2 OH), 4.65 (br, 1H, 
CH 2 OH), 5.14 (s, 1H, 6-H) and 6.63 (br t, IH, N#)- Anal. C; 60.62, H; 6.96, N; 9.34% 
Calc. (C 15 H 20 N 2 O 4 .l/3H 2 O) C; 60.40, H; 6.94, N; 9.39%. 
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Example 27; Preparation Qf3-Hy0rowmf(hyl-H3-m^hylaari<liD-l-y>)"l-in^lo±: 
indoie-4.7-dione (62) bv reactions ffl to (v) of Figure 5. 

(a) 5-Methoxy-l-methylindole-3-carboxaldehyde (58). 

5-methoxyindole-3-carboxaldehyde (2.0 g, 1 1.4 mmol) was added portionwise to a 
5 suspension of NaH (0.55 g, 13.7 mmol) in DMF (50 mL) with stirring. The suspension 
was stirred for 0.5 hour, and Mel (1.94 g, 13.7 mmol) added and the mixture stirred for 
1 hour at room temperature. The reaction mixture was then poured on to NaHCC>3 
(10%, 300 mL) and extracted win EtOAc (4 x 75 mL), washed with NaHC0 3 (10%, 
3 x 50 mL), sat. NaCl (3 x 100 mL), dried and evaporated in vacuo to give 58 (1 .70 g, 
10 79%) as a white solid: mp 132-133°C; 'H-NMR (CDC1 3 ) 6 3.81 (s, 3H, C// 3 N-), 
3.89 (s, 3H, C//3O-), 7.08 (dd, 1H, J=2 and 9 Hz, Ar-6H), 7.3 1 (d, 1H, J=9 Hz, Ar-7H), 
7.59 (s, 1H, 2-H), 7.8 (d, 1H, J=2 Hz, Ai-AH) and 9.93 (s, 1H, CHO). 

(b) 5-Methoxy-l-methyl-4-nitrouidole-3-carboxaIdebydc (59). 

To a solution of 56 (1 .50 g, 7.94 mmol) dissolved in AcOH (150 mL) was added a 
1 5 mixture of C.HNO3 (4.5 mL) in AcOH (25 mL) dropwise at 0°C over 3 hours. After 
addition, the mixture was stirred at room temperature for 1 6 hours, and then added to 
crushed ice (75 g), filtered and washed with H2O (5 x 100 mL) and dried to give 57 
(1 .56 g, 84%) as a pale yellow solid: mp 197-198°C; l H-NMR ((CD 3 ) 2 SO) 6 
3.94 (s, 6H, CH3O- and C# 3 N-), 7.32 (d, 1H, J=9 Hz, Ar-7/f), 7.72 (d, 1H, J=9 Hz, 
20 A1-6H), 8.27 (s, 1H, 2-H) and 9.75 (s, 1H, CHO). 

(c) 4-Amino-5-iraethoxy-l-methyIiBidoie-3-£arboxaldehyde (60), 

To a suspension of 59 (1.0 g, 4.27 mmol) in EtOH (1 50 mL) was added tin 
(4.43 g, 37 ramoi) followed by HC1 (3 .0 M, 60 mL). The mixture was stirred at 
room temperature for 2 hours and decanted. The solution was added portionwise to 
25 sat. NaHC0 3 (aq., 300 mL). and extracted with EtOAc (3 x 100 mL). The organic layer 
was separated, washed with sat. NaHC0 3 (aq„ 2 x 175 mL), sat. NaCi (3 x 75 mL), 
dried and evaporated in vacuo to give 60 (0.79 g, 91%) as a dark yellow solid which 
was used in the next step without further purification; Rf=0.64 (EtOAc); 
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^H-NMR (CDC1 3 ) 6 3.75 (s, 3H, CH3N-), 3.88 (s, 3H, C//3O-), 5.79 (br s, 2H, N# 2 ), 
6.56 (d, \H,J=9Uz, Ax-IH), 7.53 (d, 1H, J=9 Hz, Ar-6#), 7.64 (s, 1H, 2-H) and 
9.60 (s, 1H,CM)). 

(d) 5-methoxy-l-methyl-4,7-dioxoindoIe-3-carboxaIdehyde (61). 

5 To 60 (0.75 g, 3.68 mmol) dissolved in Mc^CO (75 mL) was added Fremy's salt (4.0 g, 
1 4.9 mmol) in H 2 0 (20 mL) followed by a solution of Na 2 HP0 4 /NaH 2 P0 4 buffer 
(0.3 M, pH 6, 20 mL). The mixture was stirred for 0.75 hour, excess Me^CQ removed 
and the product filtered and washed with H 2 0 (50 mL), dried, and recrystallized from 
EtOAc to give 61 (0.61 g, 76%) as a yellow solid: mp 188-190°C; *H-NMR (CDCI3) 
10 6 3.87 (s, 3H, C//3N-), 4.02 (s, 3H, C//3O-), 5.78 (s, 1H, 6-H), 7.44 (s, 1H, 2-H) and 
10.54 (s, 1H, CM)). 

(e) 3-HydroxymethyI-5-methoxy-l-methylindole-4,7-dioiie (62). 

To a solution of 61 (0.5 g, 2.28 mmol) in anhydrous MeOH (300 mL) was added 
NaBH 4 (0.65 g, 17 mmol). The solution was degassed with argon and stirred 

15 for 2 hours under argon and then evaporated in vacuo to give a solid which was diluted 
with CH 2 C1 2 (300 mL) and washed with H 2 0 (2 x 1 00 mL), sat. NaCl (100 mL) and 
condensed to give 62 as an orange solid (0.2 g f 40%) after recrystallization from 
EtOAc: mp 185-186°C; %-NMR (CDCI3) 5 3.85 (s, 3H, C# 3 N-), 3.94 (s, 3H, 
C//3O-), 4.25-4.29 (m, 2H, C// 2 OH), 5.73 (s, 1H, 6-H) and 6.88 (s, 1H, 2~H). 

20 Anal. C; 59.84, H; 4.79, N; 6.30% Calc. (Cj ^ x ^O A ) C; 59.73, H; 4.98, N; 6.33%. 

FrTffrrpk 2fr Preparation of S^Azmdin-l-vfV3-hvdroxvmethvl-!-methvlindole-4J- 
dione (631 bv reaction (vi\ of Figure 5. 

A solution of 62 (200 mg, 0.9 mmol) in l(H)-aziridine (1.5mL, ca. 35 mmol, 
CAUTION!) was stirred at room temperature for 1 .5 hours. Excess aziridine was 
25 removed in vacuo, and the product was recrystallized from EtOAc to give 63 (1 30 mg, 
62%) as an orange solid: mp 169-171 °C; *H-NMR (CDCI3) 8 2.22 (s, 4H, 
2 x aziridine-C// 2 ), 3.91 (s, 3H, C//3N-), 4.64 (s, 2H, Ctf 2 OH), 5.81 (s, 1H, 6-H), 
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and 6.69 (s, 1H, 2-H). Anal, C; 61.47, H; 5.14, N; 12.22% Calc. (C 12 Hj 2 N 2 0 3 ) 
C; 62.07, H;5.17,N; 12.07%. 

Example 29: PrcparatioiiJiOJi^oxYmcthvl-S^2-methvlaziri 
indole-4.7-dione (64) bv reaction fvi) of Fianre 5. 

5 A solution of 62 (200 mg, 0.9 mmol) in 2-methylazkidine (1 mL) was stirred at room 
temperature for 2.5 hours. Excess 2-raethylaziridine was removed in vacuo, and the 
product was purified on silica, eluting with EtOAc (Rf=0.6) to give 64(120 mg, 54%) 
as a red solid recrystailized from EtOAc: mp 89-90°C; * H-NMR (CDC1 3 ) 
6 1.47 (d, 3H, JM.5 Hz, azir-Ci/3), 2.04-2.2 (m, 3H, azir-C//Ci/ 2 ), 3.91 (s, 3H, 

10 N-C//3), 4.67 (m, 2H, C# 2 OH), 5.79 (s, 1H, 6-H) and 6.70 (s, 1H, 2-H). 

Rumple 30: Preparation of 5-methoxy-l»methyl-3-ffcarbamovloxv)methvll indole- 
4.7-dione (65) hv reaction (vii) of Fietire 5. 

To a solution of 62 (0.1 g, 0.45 mmol) in anhydrous pyridine (5 mL) at 0°C, was added 
dropwise phenyichloroformate (0.1 g, 0.64 mmol) and the solution then allowed to 

1 5 reach room temperature and stirred for 2 hours. The solution was then extracted with 
CH 2 C1 2 (30 mL) and washed with H 2 0 (35 mL) and sat. NaCl (35 mL), dried and 
evaporated. The residue was purified on silica, eluting with EtOAc (Rf=0.8) to give an 
orange solid of 5-methoxy-l-methyl-3-([(phenoxycarbonyi)oxy]methyl] indole: 
mp 85-86°C; * H-NMR ((CD 3 ) 2 S0/CDC1 3 ) 5 3.79 (s, 3H, C//3N-), 3.91 (s, 3H, 

20 C//3O-X 5.43 (s, 2H, C// 2 OCOPh), 5.67 (s, 1H, 6-tf), 6.89 (s, 1H, 2-H) and 7.15-7.3 
(m, 5H, Ar). This material (0.1 g, 0.3 mmol) was dissolved in anhydrous CH 2 Cl 2 
(18 mL) and the solution cooled to -78 °C. The solution was then saturated with NH3 
and stirred at -78 °C until reaction was complete (0.75 hour). The solution was then 
allowed to reach room temperature and evaporated in vacuo. The residue was 

25 redissolved in CH 2 C1 2 (1 00 mL) and washed with H 2 0 (2 x 100 mL) and sat. NaCl 
(50 mL), dried and evaporated, and the residue recrystailized from EtOAc to afford 
75 mg (98%) of 65 as an orange solid: mp 23 1-234 °C (dec); 1 H-NMR 
((CD 3 ) 2 S0/CDC1 3 ) 5 3.78 (s, 3H, C//3N-), 3.88 (s, 3H, C//3O-), 
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5.04 (s, 2H, CH 2 OCONH 2 ), 5.77 (s, 1H, 6-H), 6.42 (br s, 2H f N# 2 ) ^ 7.09 (s, 1H, 
2-H). Anal. C; 54.98, H; 4.56, N; 10.18%, Calc. (C 12 H 12 N 2 0 5 ) C; 54.55, H; 4.55, 
N; 10.61%. 

Ff^mp'g 31; Preparation of 5-fAziridin-l-vn-l-methvl-3»Ffcarbamovlosv>methvIl 

5 fodftie-4.7-dift ne (66> bv reaction (viiii of Figure 5. 

Compound 65 (50 mg, 0.2 mmol) was stirred for 0.5 hour in l{i?)-aziridine 
(ca. 35 mmol), evaporated in vacuo and redissolved in EtOAc. The solution was 
evaporated again and the residue recrystallized from EtOAc to afford 35 mg (70%) of 
66 as a red solid: mp 195-198°C (dec.); ! H-NMR ((CD 3 ) 2 SO) 8 2.18 (s, 4H, 2 x azir- 

1 0 CH 2 l 3.90 (s, 3H, Cff 3 N-), 5.23 (s, 2H, CH 2 OCONH 2 ), 5.49 (br s, 2H, Ni/ 2 ) 
5.76 (s, 1H, 6-H) and 6.86 (s, 1H, 2-H). Anal. C; 56.70, H; 4.94, N; 15.35%, 
Calc. (C 13 H 13 N30 4 ) C; 56.73, H; 4.73, N; 15.27%. 

Further compounds were pepared in order to investigate the effect of different leaving 
groups at the R 1 position in Formula I; these compounds being divided into three 
1 5 formula options A, B and C and the corresponding chloromethy 1 compound. By keeping 
the groups R, R 2 and R 3 methyl and R 4 hydrogen, as in Examples 32 to 44 and 46 
to 49, bioassay could be used to evaluate the effect of different leaving groups. 
Example 45 describes a preferred compound where R^ is cyclopropyl. 
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Example 32: Preparation of 3-Chloromcthvl-1.2-dimethvl-5>metho3mndole-4.7- 

dione (67) 

5-Methoxy-3-hydroxymethyl-l,2-dimcthylindole-4,7-dione (52, 500mg, 1.97mmol) was 
stirred at room temperature with 5mL SOCI2 for 0.5h. The solution was then 
5 evaporated in vacuo, redissoived in EtOAc (25mL) and evaporated to dryness. 
This procedure was repeated twice and the crude orange solid (0.43 g, 85%) of 
3-chloromethyl-l,2-dimethyl-5-methoxyindole-4,7-dione (mp 204-205*C (dec.)) was 
used in the next step without further treatment. A small sample was recrystallized from 
EtOAc for NMR and CHN analysis. 
10 ] H-NMR (CDCI3) d 2.28 (s, 3H, 2-C/fj), 3.80 (s, 3H, C//3N-), 3.89 (s, 3H, CH 3 0-), 
4.86 (s, 2H, CH 2 C\) and 5.62 (s, 1H, 6-H). Anal. C; 55.71, H; 5.41, N; 5.70, CI; 14.00% 
Calc. C 12 H 12 NO3C1.0.33H 2 O C; 55.49, H; 4.88, N; 5.39, CI; 13.68% 

GENERAL METHOD FOR THE SYNTHESIS OF TARGET COMPOUNDS OF 

1 5 5-Methoxy-3-hydroxymethyl-l ,2-dimethylindole-4,7-dione (52, 500mg, 1 .97mmoI) was 
dissolved in CH 2 C1 2 (50mL) together with pyridine (5mL) and the appropriate carbonyl 
chloride (5mmol) added. The solution was the heated under reflux for the reaction time 
given below, cooled and EtOAc (150mL) added followed by HC1 (aq M 0.1M, 150mL). 
The organic layer was separated and washed again with HQ (aq., 0.1M, lOOmL), 

20 sat. NaCl (aq., lOOmL), dried and evaporated in vacuo. The residue was purified on 
silica, eiuting with the solvent specified below and recrystallized to give the target 
compound. 

B : GENERAL METHOD FOR THE SYNTHESIS OF TARGET COMPOUNDS 
OF TYPE B AND TYPE C 
25 3-Chloromethyl-l ,2-dimethyl-5-methoxyindoie-4,7-dione (67, 1 OOmg, 0.39mmol) was 
dissolved in EtOAc (20mL) and the appropriate alcohol, phenol or thiol (lmmol) added 
dropwise or in portions with stirring. Stirring was continued at room temperature for the 
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reaction times given below and then water (20mL) added. The organic layer was 
separated and washed with sat.NaHC03 (aq,, 20mL) and sat. NaCl (aq., 20mL), dried 
and evaporated to dryness. The residue was purified on silica, eluting with the solvent 
specified below, and recrystallized to give the target compound. 

5 Exam ple 33: Preparation of 1 J!-Dimethvl-5-methnTv-^-f2-nttrohenzovioTvV- 

ethyKndple-4,7-diope m\ 

General method A was employed (reaction time 0.75h), and the product eluted on silica 
with EtOAc (RM)-65), and recrystallized from EtOAc to give an orange solid (68%) ; 
mp 199-200°C; l H-NMR (CDCI3) d 2.34 (s, 3H, 2-CH 3 ), 3.80 (s, 3H, C# 3 N), 3.91 (s, 
10 3H, C//3O), 5.53 (s, 2H, CH 2 OCOAi), 5.62 (s, 1H, 6-H), 7.50-8.07 (m, 4H, 4 x Ai-H). 
Anal. 

Example 34: Preparation of l>2-Piroethv>-3-f2-fluorobenzovioyv>methvl-g- 
methnxvindole-4.7-dione (691, 

General method A was employed (reaction time 1 .5h), and the product eluted on silica 
1 5 with EtOAc (Rf=0.6), and recrystallized from EtOAc to give a yellow solid (83%): 
mp 166-1 68°C; "H-NMR (CDCI3) d 2.35 (s, 3H, 2-Gtf 3 ), 3.81 (s, 3H, C# 3 N), 3.90 (s, 
3H, C//3O), 5.51 (s, 2H, CH 2 OCQAi), 5.63 (s, 1H, 6-H), 6.98-7.52 (m, 3H, 3 x Ax-H) 
and 7.83-8.00 (dd, 1H, J=9Hz and > 1.5Hz, Ail-H). Anal. C; 62.83, H; 4.59, N; 3.76% 
Cale. (C 19 H 16 NO 5 F.0.33H 2 O) C; 62.81, H; 4.59, N; 3.86% 

20 Example 35: Prepa ration of 1.2-Pimethvl-3-r4-fluorobenzovloxv>methvl-5- 

meihox^nqole-4,7-dione (70), 

General method A was employed (reaction time 1 .25h), and the product eluted on silica 
with EtOAc (Rf=0.65), and recrystalHzed from EtOAc to give a yellow solid (88%) : 
mp 209-21 0°C; ! H-NMR (CDC1 3 ) d 2.35 (s, 3H, 2-CH 3 ), 3.81 (s, 3H, C//3N), 3.91 (s, 
25 3H, C//3O), 5.49 (s, 2H, CH 2 OCOAi), 5.63 (s, 1H, 6-H), 6.95-7.27 (dd, 2H, J=9Hz and 
J=l Hz, Ar2,6-//) and 7.94-8.10 (dd, 2H,J=9Hzand J=1.5Hz, Ar3,5-/7). 
Anal. C; 63.34, H; 4.44, N; 3.88% Calc. (C 19 H 16 NO s F) C; 63.86, H; 4.51, N; 3.92%. 
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Examplejfo Preparation of3-Bsi«pytowrogfhyl-l»2=dimfi^^ 

4.7-dione(71) 

General method A was employed (reaction time 1 ,5h), and the product eluted on silica 
with EtOAc (Rf=0.75), and recrystallized from EtOAc/Me2CO to give a yellow solid 
5 (69%) : mp 168-170°C; *H-NMR (CDC1 3 ) d 2.31 (s, 3H, 2-C// 3 ), 3.76 (s, 3H, C//3N), 
3.86 (s, 3H, C//3O), 5.46 (s, 2H, C// 2 OCOAr), 5.58 (s, 1H, 6-H), 7.34-7.41 (m, 3H, 
3 x AiH) and 7.93-8.01 (m, 2H, 2 x Ar~H). 

F.xamnle 37: Preparation of 3-^2-AcetoxvbenzovloxvV-methvl-1.2-dimethvl-S- 

msShaxyxnfaMMms (72). 

1 0 General method A was employed (reaction time 1 .5h), and the product eluted on silica 
with EtOAc (Rf=0.5), and recrystallized from EtOAc to give a yellow solid (90%): 
mp 159-161°C; *H-NMR (CDCI3) d 2.27 (s, 3H, C# 3 C0 2 Ar), 2.31 (s, 3H, 2-C7/ 3 ), 
3.81 (s, 3H, C//3N), 3.90 (s, 3H, C//3O), 5.47 (s, 2H, C# 2 OCOAr), 5.63 (s, 1H, &H), 
7.01-7.53 (m, 3H, 3 x MH) and 7.94-8.04 (dd, 1H, J=9Hz and J=lHz, te-H). 

15 Anal. C; 63.81, H; 4.81, N; 3.71% Calc. (C 21 H 19 N0 7 ) C; 63.47, H; 4.82, N; 3.52% 

KTarpple 38: Preparation of 3-Acetoxvmethvl-1.2-dimethvl-S-methoyvindole-4,7- 
dione (73) 

General method A was employed (reaction time 0.5h), and the product eluted on silica 
with EtOAc (RfM).6), and recrystallized from EtOAc to give a yellow solid (90%): 
20 mp 1 85-1 86°C; *H-NMR (CDCI3) d 2.04 (s, 3H, C//3CO), 2.28 (s, 3H, 2-C//3), 
3.81 (s, 3H, C//3N), 3.90 (s, 3H, C//3O), 5.24 (s, 2H, Ctf 2 OCOCH 3 ) and 
5.62 (s, 1H, 6-H). 

Example 39: reparation of 3-fCvctohexvlcarbonvloxv)-methvl-U-diroethvl-5- 
methoi>indole-4.7-dione,<m 

25 General method A was employed (reaction time 0.25h), and the product eluted on silica 
with EtOAc (Rf=0.75), and recrystallized from EtOAc to give a yellow solid (65%) : 
mp 164-165°C; *H-NMR d 1 .2-1.83 (m, 11H, 11 x cyclohexyl-//), 2.27 (s, 3H, 2-C// 3 ), 
3.80 (s, 3H, C//3N), 3.89 (s, 3H, C//3O), 5.22 (s, 2H, C// 2 OCOR) and 5.62 (s, 1H, 6-H). 
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ffT WTT i pte 4ft: Preparation of 1 .2-Dimethvl-M4-nitrOPh€nf>yyVm»tbY|-g- 
methoxvindol?-4.7-dione (75V 

General method B was employed (reaction time 0.5h), and the product eluted on silica 
with EtOAc/hexane (1:1, RfM).7), and recrystaUized from EtOAc to give an orange 
5 solid (54%):mp215-216°C(dec.); *H-NMRd 2.33 (s, 3H, 2-C// 3 ), 3.81 (s, 3H, 
C // 3 N), 3.89 (s, 3H, CtfjO), 4.99 (s, 2H, C// 2 OAr), 5.62 (s, 1H, 6-H) and 6.79-6.93 
(m, 4H, 4 x At-//). 

fMmk - 41; Preparatio n of 1 .2-Dimethvl-3>(4-flnoronhenoxy Vmgtbvl-g- 

P^OTvinrinle-^-dione (76), 
1 0 General method B was employed, and the product eluted on silica with EtOAc/hexane 
(1:1, R#=), and recrystaUized from EtO Ac to give an solid (40%) . 

y lw |.» a fr Preparation of 1 .24MmethvKVf2-fluorophenoxy>methvi^ 
mffh"T v ?n<H*-4-'7-rfione (m 

General method B was employed, and the product eluted on silica with EtOAc/hexane 
15 (1:1, R£=)> and recrystaUized from EtOAc to give an solid (55%). 

y^mpie 43: Proration of 34 2 - CarbomethQSYthioph epvlf mer h y l- U-dimfthvl- 

fi-rpethorvinri »M 7-riione f78>. 

General method B was employed (reaction time 2h), and the product eluted on silica 
with EtOAc/hexane (1:1, RfM).25), and recrystaUized from EtOAc to give an orange 
20 solid (66%) : mp 214-216°C ; *H-NMR (CDCI 3 ) d 2.21 (s, 3H, 2-CH 3 ), 3.77 (s, 3H, 
C//3N), 3.86 (s, 6H, C//3O and C0 2 Ctf 3 ), 4.39 (s, 2H, CH 2 SM), 5.59 (s, 1H, 6-H), 

7.28-7.49 (ra, 3H, 3 x AxH) and 7.95 (d, 1H, J=9Hz, Ai-H). 

Yw*]\y W 4* Preparation of 3-Benzvl ox v m e thvhL2-dimethv |-5-ine^oxy i ndftM.: 

25 General method B was employed (reaction time lh) but with the addition of K 2 C0 3 
( 1 3 8mg, 1 mmol) to the reaction mixture, and the product eluted on silica with 
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EtOAc/hexane (1:1, Rf=0.6), and recrystallized from EtOAc to give an orange solid 
(53%): mp 132-133°C (dec.); 1 H-NMR (CDCI3) d 2.25 (s, 3H, 2-C// 3 ), 3.80 (s, 3H, 
C//3N), 3.86 (s, 3H, C//3O), 4.59 (s, 2H, 3-CH 2 OC// 2 Ar), 4.74 (s, 2H, 
3-C// 2 OCH 2 Ar), 5.60 (s, 1H, 6-//) and 7.28-7.36 (m, 5H, 5 x AxH). Anal. C; 67.81, 
5 H; 5.95, N; 4.49% Calc. (C l9 H 19 NO 4 .0.5H 2 O) C; 68.26, H; 5.99, N; 4.19% 

Rumple 45; Preparation of 3-Benzpvloxvniethvl-2-cvcloproPYi-$-mgthQyv-l- 

mffSiyl indote-4 J-dione (80); 2-cvclopropaoe derivative. 

General method A was employed (reaction time 1 .5h) using compound 20, and the 

product eiuted on silica with EtOAc/hexane (1:1, HJM5.35), and recrystallized from 

1 0 EtOAc/Me 2 CO t0 8 ivc a y e «ow solid (68%): mp 22 1-223°C; 1 H-NMR (CDCI3) 

d 0.65-0.82 (m, 2H, cyciopropyl-C# 2 ), 1.11-1.23 (m, 2H, cyclopropyl-C# 2 ), 1.61-1.71 
(m, 1H, cyclopropyl-tf), 3.79 (s, 3H, C//3N), 4.03 (s, 3H, CJ/3O), 5.56 (s, 2H, 
CH 2 OCOAx), 5.64 (s, 1H, 6-/0, 7.31-7.49 (m, 3H, 3 x AxH) and 7.96-8.08 (m, 2H, 
2 x Ar-tf). Anal. C; 69.04, H; 5.30, N; 3.82% Calc. (C 21 H 19 N0 5 ) C; 69.03, H; 5.24, 

15 N; 3.83%. 

Example 46: 5-r2-MethvIaziridin-l-vlV3-a-nitrobenzovloxvroethvl)-L2- 
flifiK»hvKnriole-4.7-dione 

Compound 3 (O.lg, mmol) was dissolved and stirred in freshly distilled 
2-methylaziridine (3mL, ca.50mmol) for 2.5h. The solution was evaporated in vacuo 
20 and the residue redissolved in EtOAc, evaporated until a red precipitate appeared and 
the solid collected. The red solid was recrystallized from EtOAc to give 81 (85mg, %); 
mp !68-170°C; 1 H-NMR (CDC1 3 ) d 1.42 (d, 3H, J=4.5Hz, azir-C# 3 ), 2.01-2.15 (m, 
3H, azir-Cf/Ctf 2 ), 2.33 (s, 3H, 2-C// 3 ), 3.90 (s, 3H, C//3N-), 5.54 (s, 2H, Cif 2 OCOAr), 
5.73 (s, 1H, 6-H), 7.53-8.01 (m, 4H, 4 x Ax-H). 
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Sam ple 47: Preparation of 5-(2-Methvlaziriditl>l-vlV3-benzovioxvroetbvl-U- 

This compound was prepared from 6 by the same method used for the synthesis of 82. 
The red solid was recrystallized from EtOAc to give 17 (70 %): mp 133-134°C; 
5 * H-NMR (CDC1 3 ) d 1.42 (d, 3H, J=4.5Hz, azir-C// 3 ), 2.01-2.15 (m, 3H, tmr-CHCH 2 ), 
2.33 (s, 3H, 2-C//3), 3.90 (s, 3H, C//3N-), 5.54 (s, 2H, C// 2 OCOAr), 5.73 (s, 1H, 6-H), 
7.34-7.41 (m, 3H, 3 x AxH) and 7.93-8.01 (m, 2H, 2 x Ai-H). Anal. C; 67.96, H; 5.67, 
N; 7.23%, Calc. (C 21 H2oN 2 0 4 .0.5H 2 0) C; 67.56, H; 5.63, N; 7.51%. 

F.xamnie 48: Proration of 1 .2-DimetfavI-3-^4-methv>Dinentzin-I-vl)methvl-S- 

10 methoxvmd nlft-4.7-dioiic (8$). 

General method B was employed (reaction time I h) but using N-methylpiperazine 
(0.65mL, O.58mmol) in place of the alcohol or thiol, and the product eluted on silica 
with MeOH (Rf=0.15) to give 83 as an orange solid (38%): mp I59-162°C (dec.); 
1 H-NMR (CDCI3) d 2.24 (s, 6H, 2-C# 3 and N-C//3), 2.3 1 -2.62 (m, 8H, 4 x piperazine- 

15 CH 2 % 3.73 (s, 2H, 3-C// 2 N), 3.79 (s, 3H, Ctf 3 N), 3.88 (s, 3H, C//3O) and 5.69 (s, IH, 
6-H). 

Sam ple 49: Preparation of 54Aziridin.l-vlVU-dimethv^4-methvipipei^gindb 
yttmethylinrtoie-4,7-dj9ne ffrQ. 

Compound 83 (SQmg, 0.1 58mmol) was stirred for 03h with 1 //-aziridine (CAUTION!) 
20 at room temperature. Excess aziridine was removed in vacuo and the residue twice 
redissolved in EtOAc (5mL) and evaporated to dryness. The residue was recrystallised 
from EtOAc to give 84 as a dark red solid ( mg, 62%): mp 143-146°C (dec); 1 H-NMR 
(CDCI3) d 2.17 (s, 4H, aziridine), 2.25 (s, 6H, 2-CH 3 and N-C//3), 2.31-2.62 (m, 8H, 
4 x piperazine-C// 2 ), 3.74 (s, 2H, 3-C// 2 N), 3.87 (s, 3H, CH 3 N), and 5.73 (s, 1H, 6-H). 
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The amount of compound to be adminstered will of course vary with individual 
and cancer type. However, suitable doses will be typically within the range l-20Gmg/kg 
bodyweight, preferably 10-150mg/kg and more preferably 30-100mg/kg. 

The form of adminstration will also vary, with formulations suitable for oral, 
5 rectal, topical, parenteral (including subcutaneous, intramuscular and intravenous 
injection) being useable. Formulations may range from pure drug and simple aqueous 
solutions thereof, eg. in water or saline, to those including solid and/or more complex 
components such as liquid or solid carriers, diluents and active agents. Particular forms 
available include inter alia capsules, cachets, tablets or lozenges, boluses, electuaries or 
1 0 pastes containing solid or liquid compound of the invention, or suspensions, syrups, 
emulsions etc in liquid form. Suitable formulations will occur to those skilled in the art 
of pharmacy and may be exemplified by those used for the current lead E09 and the 
antimicrobial agents described previously. 

Simple saline injections may be used for the purpose of demonstrating efficacy 
15 of the compounds. 

Biological Evaluation of Compounds 18 to 84 In Vitro 
Example gQ; MTT assay 

Selective toxicity to hypoxic V79-379A cells was determined for all compounds 
using the MTT assay as has been described previously (see references 7 to 9). These 
20 results are presented in the Table 1 below, where €50 (air) values, the concentration 
required to kill 50% of the aerobic cells under the conditions of the assay, are divided by 
C 50 (N 2 ) values, concentrations required to kill hypoxic cells, to give hypoxic 
cytotoxicity ratios (HCR), which enable quantitative comparisons of bioreductive 
activities of drugs. 
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ExgHiBle 52LEffcaMcojBUHMn^^ and KHT tumour cells when administered 
with single dose radiation regimep. 

Compounds 21 and 54 (RB 94573 and RB 94577) were applied to RIF-1 and KHT tumour 
ceils in separate experiments with presence and absence of single doses of radiation (15GY 
and 10 GY respectively for 21 and 54). Maximum tolerated doses and tumour response 
experiments were carried out as described in reference 9. Tumour bearing mice were given 
doses of radiation chosen to kill most of the oxic cells in the tumours with the measured 
response reflecting the survival of residual hypoxic clonogenic cells (see reference 10). 
Indoquinones were given immediately after X-rays such that any therapeutic response 
greater than that achieved by radiation alone is a reflection of residual hypoxic cell killing. 
These conditions were achieved by giving 10GY to KHT tumours and 25 GY to RIF-1 
tumours. Each experiment also included mice exposed to radiation without drug and with 
drug alone. 

Results are shown in Figures 6 to 9. It can be seen that while the results are additive in the 
case of the KHT cells, providing destruction of tumour ceils down to a surviving fraction 
of as low as less than 10" 4 , the RIF-1 cells show a synergistic effect with surviving fraction 
being less than 10**\ 

Example 53; Effect of compound 54 (RB 945771 with fractionated dose radiation 

re gimen . 

Four daily doses of 2,5 Gy of X-rays were administered to RIF-1 cells followed 
immediately by 20mg/Kg of compound 52 after each fraction. Results are given in the 
Table 4 below. 
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TABLE 4 RB94S77 (S41 -f X-ravs in fractionated treatments 

4 daily doses of 2.5 Gy X-rays followed immediately by 20 mg/kg RB94577 after each 
fraction. Tumours were excised 24 hours after, last dose of drug to assay cell survival. 



Treatment 


Relative surviving fraction 


Control 


1.0 


4 x 20 mg/kg RB94577 


0.13 


4x2.5Gy 


3.3 x 10-2 


RB94577 + X-rays 


1.6 x 10" 3 



TABLE 5 

Effect of fractionated treatments with RB94577 (54^1 and radiation on RIF-i tumours 



Treatment 


Relative Surviving Fraction 


Control-No compound or radiation 


4x 20mg/kg/day 


4x 30 mg/kg/day 


4x 40 mg/kg/day 


1.00 


0.13 


1.3x 10-2 


0.9x 10" 3 



Interaction between RB94S77 f54 1 > and cisPiatin in RIF tumour-no-radiation. 



Treatment 


Relative Surviving Fraction 


50 mg/kg Compound 54 alone 


0.1 


3 mg/kg cisPiatin alone 


5x 10" 2 


Compound 54+cisPlatin (5min*) 


4.6x 10" 4 


Compound 54+cisPlatin (60min*) 


3.3x 10" 4 


cisPlatin+Compound 54 (60min*) 


7.9x 10" 4 



*The time between adminstration of the first mention agent and the second is indiated in 
minutes. Effect of the compound of the invention and cisPiatin is greater than additive in 
. this assay. 
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lABLEJi 

Qommmd 53 as compared to EQ9, 



Cell line 


Origin 


DTDActivity 


EO9IC 50 


Cmpd53IC 50 


A549 


NSCLC 


4980 


7 


6.2 


322 


NSCLC 


4510 


15 


79.7 


HT29 


Colon 


2750 


157 


82.3 


522 


NSCLC 


550 


32 


17.5 


84! 


SCLC 


440 


51 


16.4 


417 


SCLC 


116 


210 


155 


MDA468 


Breast 


63 


1720 


3648 


T47D 


Breast 


39 


5110 


1826 


MDA231 


Breast 


8 


285 


1041 


249 


SCLC 


2.5 


3710 


1804 



DTD= DT diaphorase activity in nmol cytochrome c reduced per min per mg protein 
IC 5{ ) (nM) concentration required to kill 50% of cells following four days incubation of 
cells with drug in aj£. 
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Comparative tumour toxicities (relative surviving fraction) of compounds 21 and 54. 





RB95477-Comoound 54 


RB94573-C9mpownd21 


KHT 


1.2 x icr 1 


3.6 xlO" 2 


RIF 


1.5 x 10" 2 


8.6 x 10" 2 


SCCVII 


2.3 x 1(T 2 


5.6 x 10* 3 



Both drugs were given at 90 rag/kg ip and tumours were excised at 24 hours. 



TABLE 10 

Effects of Compound 54 as compared to E09 of U£ 5097257, 



Tumour 


Diaphorase* 


Control 


4x vol-Cd 54 


4xvol-E09 


H249 


44 


11.4 


15.9 


22.0 


HT29 


1544 


11.4 


19.5 


17.4 


H647 


1960 


12.2 


13.5 


21.1 



* Activity in nmol cytochrome c reduced per min per mg protein 

Compound 54 was given at 30 mg/kg i.p. while E09 was given at 5 mg/kg. The maximum 
tolerated dose of Compound 54 is about 100 mg.kg while the max tolerated dose of E09 
is 5 mg/kg. H249 is human small cell cancer type; HT29 is human colon cancer type and 
H647 is human non-small cell lung cancer type. 
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CLAIMS 

I . Use of a compound of general formula 1 
0 Rl 




or salt thereof 
wherein 

R and R 4 are independently selected from hydrogen, halogen and Cj_£ alkyl or 
5 haloalkyl, Cj,^ alkenyl or haloalkenyl, C j ^ alkoxy, phenoxy, C j _ 6 alkylthio, 
phenylthio, primary and secondary amino or hydroxy groups and 
R^ is hydrogen, hydroxy, a C|_g alkyl or haloalkyl, C2.6 alkenyl or haloalkenyl or 
C j _6 alkoxy or haloalkoxy group for the manufacture of a medicament for the treatment 
of neoplasms 
10 characterised in that 

R 1 is selected from a C j_ 6 alkyl or haloalkyl group, -CC^R 5 where R 5 is hydrogen or a 
Cj_ 6 alkyl or haloalkyl group, or a group -CH^-X where X is selected from groups of 
X R7 

formula -S-R 6 , -O-R 6 and -N x where R 6 is a hydrogen or a leavingjgroup the acid 
15 RS 

HR6 of which has a pKa of 10 or less and R' and R8 are the same or different and 

are selected from C|_ 6 alkyl or haloalkyl or together with the interjacent nitrogen form 
a heterocyclic ring of 5 to 7 atoms optionally substituted by C j ^ alkyl or haloalkyl 
and 

20 R 2 is selected from hydrogen, Cj_ 4 alkyl and haloalkyl or groups KCH^CHR^R* 0 
of more than four carbon atoms where n is an integer of 0 to 2 and and R^ are 
independently selected from a Cj_4 alkyl or haloalkyl group, or R^ and R^ together 
with the interjacent carbon atom form a C3.7 cycloalkyl or cycloalkenyl ring optionally 
substituted with one or more Cj_ 4 alky! or haloalkyl, or C2_4 alkenyl or haloalkenyl 
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groups. 

2. Use of a compound as claimed in Claim 1 characterised in that R 5 is a group 

^R 7 

-CH 2 X where X is -N wherein R 7 and R 8 , together with the interjacent 
5 X R 8 

nitrogen form a 5 to 7 membered heterocyclic ring containing nitrogen and carbon with 

optional oxygen or sulphur members. 

3. Use of a compound as claimed in Claim 2 characterised in that the heterocyclic 
ring is a piperazinyl ring optionally substituted by one or more Cj_4 alkyl or haloalkyl 

10 groups. 

4. Use of a compound as claimed in Claim 3 wherein X is a 4-memylpiperazin- 1 -yl 
group. 

5. Use of a compound as claimed in Claim 1 characterised in that R is selected 
fromC M alkoxy, C { _ 4 haloaikoxy, C 2 A a&enoxy, C^A haloalkenoxy and 

15 aziridin-l-yl optionally substituted with C^ alkyl, or haloalkyl or 
C 2 _4 alkenyl or C 2 _4 haloalkenyl; 

R 1 is selected from C M alkyl, Cj_4 haloalkyl, C^ hydroxyalkyl, 
Cj ^ alkoxy carbonyl, C^ haloalkoxycarbonyl and alkyl substituted with an 
alkoxy, aryloxycarbonyloxy, aryioxycarbonyloxy or carbamoyioyloxy group; 
20 R 2 is selected from -(CH 2 ) n CHR 9 R 10 where n is an integer from 0 to 2, and R 9 and 
R i0 are independently selected from C^ alkyl and Cj_4 haloalkyl or together 
with the interjacent carbon atom form a cycloaikyl or cycloalkenyl group 
optionally substituted with C alkyl, Cj_4 haloalkyl, C 2 _4 alkenyl or 
C 2 _4 haloalkenyl; 

25 R 3 is selected from C j ^ alkyl or haloalkyl and C 2 _4 alkenyl or haloalkenyl; 

and R 4 is selected from hydrogen, C M alkyl, C M haloalkyl, C 2 ^ alkenyl and 
C 2 _4 haloalkenyl. 
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6. Use of a compound as claimed in any one of Claims I to 5 characterised in that 
Ris Cj_4 alkoxy or is aziridin-l-yl optionally substituted with Cj_^ alkyl or 
haloalkyl. 



7. Use of a compound as claimed in any one of the preceding claims characterised 
5 in that R 1 is a group -CH 2 -G-R 6 or -CH 2 -S-R 6 and R 6 is hydrogen or a group 

-C(0)-R n or -R 11 where R u is an optionally substituted phenyl, benzyl or amino 
group. 

8. Use of a compound as claimed in Claim 5 characterised in that R* is 
hydroxymethyl or a carbamate or aromatic acyl ester thereof, 

10 9. Use of a compound as claimed in Claim 1 characterised in that R 2 is a C | _^ n-, 
iso- or cyclo-alkyl group. 

10. Use of a compound as claimed in Claim 5 characterised in that R 2 is a methyl or 
cyclopropyl group. 

1 1 . Use of a compound as claimed in Claim 1 characterised in that R 3 is C ^ alkyl. 
15 12. Use of a compound as claimed in Claim I characterised in that R 4 is hydrogen. 



13. Use of a compound as claimed in Claim 1 where R is aziridin-l-yl optionally 
substituted with C^ alkyl, R 1 is hydroxymethyl, R 2 is cyclopropyl or isopropyl 
or Cj_4 n-alkyl, R-* is methyl and R 4 is hydrogen. 

14. Use of a compound as claimed in Claim 1 characterised in that the compound 
20 has a ratio of C 5 0(Air)uM/C 5 o(N2)uM of 40 or more. 

1 5. Use of a compound as claimed in Claim 14 characterised in that it has a ratio of 
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C 50 (Air)uM/C 50 (N 2 )uM of 100 or more. 

1 6. Use of a compound specifically as exemplified and described herein as any one 
of compounds 18 to 84 . 

17. Use of a compound as claimed in Claim 16 and as defined herein as 

5 compound 21, 22, 24, 25, 26, 37, 40, 42, 46, 53, 54, 55, 63, 64, 65, 68, 69, 70, 71, 72, 
73, 75, 80, 81, 82, 83 or 84 of the Examples. 

1 8. Use as claimed in any one of the preceding claims characterised in that the use is 
for the treatment of tumour cells. 

1 9. Use as claimed in any one of the preceding claims characterised in that the use is 
1 0 for the treatment of cancer cells. 

20. Use as claimed in any one of the preceding claims characterised in that the use is 
provided together with radiation treatment as a therapeutic. 

21 . Use as claimed in any one of the preceding claims characterised in that the use 
1 5 provides selective cytotoxicity to anoxic tumour ceils. 

22. A compound of general formula la 




or a salt thereof characterised in that 

R is C, 4 alkoxy or aziridin-1 -yl optionally substituted with one or more C j_ 4 alkyl or 
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haloalkyl groups, 

R 3 is hydrogen, hydroxy, Cj. 6 alkyl orhaloalkyl, C 2 _ 6 aikenyl or haloalkenyl or Cj. 6 
alkoxy or haloalkoxy 

R 4 is hydrogen oraCj^ alkyl or haloalkyl group, 

5 R 5 is hydrogen, C}_ 6 alkyl or haloalkyl, C 2 _ 6 aikenyl or haloalkenyl or Cj_ 6 alkoxy, 

R 1 is -C0 2 R 5 where R 5 is hydrogen or a Cj„ 6 alkyl or haloalkyl group, or is a group 

^R 7 

-CH 2 -X where X is selected from groups of formula -SR 6 , -O-R 6 and -N where R 6 

X R 8 

1 0 is hydrogen or a leaving group the acid HR^ of which has a pKa of 1 0 or less and R 7 
and R 8 are the same or different and are selected from C|_ 6 alkyl or together with the 
interjacent nitrogen form a heterocyclic ring of 5 to 7 atoms optionally substituted by a 
C j _4 alkyl group and 

R 2 is hydrogen or aCj^ alkyl group or a group -(CH 2 ) n CHR^R^ of more than four 
1 5 carbons where n is an integer of 0 to 2 and and R 3 0 are independently selected from 
C^_4 alkyl and haloalkyl or R 9 and R 10 together with the interjacent carbon atom form 
a C3..7 cycloalkyl or cycloalkenyl ring optionally substituted with one or more C 
alkyl or haloalkyl or C 2 _4 aikenyl or haloalkenyl groups, 
with the provisos that 

20 (i) when R is methoxy, R* is hydroxymethyl or a carbamate or Cj.g aliphatic acyl 
ester thereof, R 4 is methyl or ethyl and R 3 is methyl, optionally 2-substituted ethyl, or 
propyl or butyl then R 2 is not hydrogen, methyl, fiuoromethyl, chloromethyl or ethyl, 
(ii) when R is methoxy, R 4 is hydrogen, R* is hydroxymethyl or the 
propylcarbamate thereof and R 3 is ethyl then R 2 is not methyl, 

25 (iii) when R is methoxy, R 2 is methyl, R 3 is ethyl and R 4 is methyl, R 1 is not a 

hydroxymethyl cyclohexylcarboxylate, benzoate, furamyl-2-carboxylate, 3-(2-dimethyl- 
aminoethyl)-piperazine-l-carboxylate, morphalino carbamate, 4-(3-hydroxypropyl)- 
piperazine carbamate, 4-(3-dimethyiaminopropyi)-piperazine carbamate, and 
(iv) when R is aziridino or ethoxy, R 1 is hydroxymethyl or a carbamate or 

30 Cj. 6 aliphatic acyl ester thereof; R 4 is methyl or bromo and R 3 is ethyl, R 2 is not 
methyl. 
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23. A compound as claimed in Claim 22 characterised in that R 1 is hydroxymethyl 
or a group -CH^-X. 

24. A compound as claimed in Claim 22 or 23 characterised in that R is aziridin-i-yi 
or 2-methylaziridin-l-yl. 

5 25. A compound as claimed in Claim 22, 23 or 24 characterised in that R 3 is 
Cj.4 alkyl or haloalkyl. 

26. A compound as claimed in Claim 22, 23, 24 or 25 characterised in that R^ is 
n-Cj_4 alkyl, isopropyi, or C^_y cycloalkyl. 

27. A compound as claimed in claim 22 and as described herein as one of compound 
10 numbers 21, 22, 24, 25, 26, 37, 40, 46, 53, 54, 55, 63, 64, 65, 68, 69, 70, 71 , 72, 73, 75, 

80,81,82 or 84. 

28 . A process for preparing an optionally substituted aziridin- 1 -y 1 compound of 
formula II as described herein wherein is alkoxycarbonyl characterised in that it 
comprises reacting a corresponding 2-substituted -3-alkoxycarbonyl-5-alkoxy-l- 

1 5 alkylindole-4,7-dione compound with an optionally substituted aziridine. 

29. A process for preparing a compound of formula la as described herein wherein 
R* is a hydroxymethyl group characterised in that it comprises reacting a corresponding 
2-substituted-3-alkoxy-l-alkyIindole-4,7-dione with an oxidising reagent and then 
reducing the resultant hydroquinone. 

20 30. A compound of general formula II 0 p1 



FT 




R3 



0 
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characterised in that R is alkoxy, R 1 isCj^ alkoxycarbonyl and R 2 , R 3 and R 4 
are as described in any one of claims 22 to 26. 

31. A method of treating a human or animal body for the purposes of preventing 
growth of, and/or killing, neoplasm cells comprising administering a compound or 

5 pharmaceutical^ acceptable salt thereof as claimed for use in any one of claims 1 to 21 
or as claimed per se in any one of claims 22 to 26 to the body in a dose sufficient to 
prevent growth of or kill some or all of the neoplasm ceils. 

32. A method as claimed in claim 3 1 wherein the cells are tumour cells and/or 
cancer cells. 

10 33 . A method as claimed in claim 32 wherein the cells are hypoxic and/or anoxic 
cancer cells. 

34. A method as claimed in any one of claims 3 1 to 33 comprising administering the 
compound or salt to the body within a set period of treatment of the body with doses of 
radiation, the doses of radiation being sufficient to prevent growth of or kill some or all 
15 of the cells supplied with blood. 

3.5 . A method as claimed in any one of claims 3 1 to 34 wherein the compound and 
radiation are adminstered within 1 to 30 days of each other. 

36. A method as claimed in claim 35 wherein they are adminstered on the same day 
or within 7 days of each other. 

20 
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